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Microscopic inspection of races, one of more than 
one hundred operations undertaken to insure the high- 


est degree of uniformity and dependability. 


‘s 


Super-cleanliness is a byword in this ball bearing 
assembly and inspection area. It is completely air- 


conditioned and pressurized to keep out dust. 
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DEPARTURES OF TODAY 


Volume source for 
WeernetaattUte 
ball bearings! 


These tiny steel ‘jewels’? are available in a 
complete line, *4" (.375") outside diameter and 
smaller. hey are made with super-accuracy on the 
finest equipment available— much of it designed 

by New Departure—to meet the most exacting 
requirements of today’s precision industries, 
Performance and dependability of the highest 
order are assured, 

For complete information about miniature ball 
bearings, or for help with any bearing problem, 
call on New Departure’s expert engineering 
service. New Departure, Division of General Motors 
Corporation, Bristol, Connecticut. 


WRITE FOR NEW DEPARTURE’S MINIATURE BEARING CATALOG 


NE Ww //QEPARTURE 


BALL BEARINGS 


NOTHING 





Over 400 (Inmaneo} Woop Wepces 
To Fit Your Motor Siors! 


For Fast Insertion, Tight Wedging at Low Material and Labor Costs 


You can get the exact INMANCO wood wedges you need for easy, 
quick insertion into slots, and firm, secure wedging of windings in 
motor field coils, rotors, stators, etc. Here is the way to save the time 
of high-priced assembly workers, and reduce equipment failure due 
to loose windings with a very low cost (yet “tailor-made”) wedge. 


It is possible to wedge practically any motor slots with INMAN 
CQO wood wedges because they are available in over 400 sizes in 
about 20 shapes all perfectly matched to the exact size and shape 
of motor slots. Forty-eight sizes and eight shapes are standard and 
carried in stock for immediate shipment. Besides being strong and 
accurately shaped-to-fit, INMANCO wood wedges are_ paraffin 
tumbled for moisture resistance and smooth insertion into slots 
‘They can also be supplied unwaxed. Their high mechanical strength 
takes the terrific vibration and shock of operating equipment, stub 
bornly resisting splintering or fracturing 


As for price, you can’t beat the low initial cost of INMANCO 
wood wedges. In addition, only straight-grain, hard maple wood 
is used to make these wedges, which means that expensive rejects 
ire eliminated, Other savings are in cutting costly labor time dur 
ing assembly, and in reducing breakdowns due to loose windings 

INMANCO wood wedges are supplied either cut to the length 
you require or in standard packages containing 500 feet in 30 inch 
length In addition to the many available styles and_ sizes, 
INMANCO wood wedges may be provided in special shapes eco 
nomically engineered to your specifications 


Ask for prices, literature, and a free sample card on INMANCO 
Wood Wedges today 


Standard Shapes Special Shapes 
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in This issue 


PROGRESS IN MACHINE TOOL CONTROLS. / ou: 
at the loth Machine Tool Electrification Forum 
d by Westinghouse 


usin punched-tape directors were described as 


numerical programmin 


experiment And at last year's 

innounced a new system of con 

called ¢ y pak lor experimental 

of the 20th Forum, held last 

oth had come to aye numerical controls for 
win trareht-cuttin md) contour re com 
| realitue trial has 


eal ole 


i yeat 


simplified Cypak to a 
with rela but see for 


1 compet live 


i] turtin on pa 


TOUGHER COMMUTATORS. (Over the years the general 
trend in electrical machines desien has been to make the 


packa maltler, run the equipment hotter and work the 
harder Phat voal holds for commutator-ma 
chine well a karlier 
itlempts to improve the life of copper-base commutator 
alls | ills 


Battelle 


material 


quirreleage induction motor 


other than silver led to trouble 
Spurred on by 


Institute developed for 


rdadition 
(rite kin te eryviest 
Memorial 
Product Anew zirconmtum-copper alloy 
it initial rupture trengeth up te yy) | 
trength at the higher temperature 


ted properties begins on 


CONCLUDING THE SERVO SERIES. | 
last article in the Ser ser lra Rit 


olten to know tra and his “common-man” approach to 
you \| know Vou 
have nothing to be afraid of. You'll know, too. that right 


up in the first few paragraphs, he'll define “phase-plane 


explaining the fundamentals of servos 


in simple terms. then launch into a thorough discussior 
based only on fundamentals. The meaning of phase-plan 


is really easy to ‘rasp In fact. if you don’t want to turn 


to page 98, well explain right here Lhe 


to the plane of a sheet of 


plane relers 


raph paper ‘phase refers te 
the relationship hetween servo velocity 


Hence the 
dé, /dt to 


ind displace ement 


phase-plane method uses raphs of 4 


test servo stability 


MACHINE TOOL STANDARDS. byery once in a while 


| 
we et a chance to serve two 


masters in our editorial 
work. The first. of course, is the reader to whom we are 
eternally enslaved and who dictates the editorial diet that 
ill kinds of punishment 
We have no quarrel] at all with this master and. in fact 


we must follow under pains of 


we get much satisfaction working for him. When we are 
wting in the interests of our readers, we sometimes get 
Phe s¢ it¢ 
roups that we 
closely with over the vears. A case 
point is the article beginning on page LOT which 
s the latest version of the Machine Tool EKlectrical 
We publish these because they have 
ork of our d 


the opportunity to benefit’ other masters 


the engineering societies and industry 


have allied ourselves 


ria byinve 
ndustrial equipmer Qduy 
dards h ( hy Nat I 


e1alior 


lt makes us fee , 
ds at NMTBA at the 
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DUAL FUNCTION SOLID-STATE DEVICES. Our cover 
theme this month is intended to dramatize the fact that 
i “solid-state device” 


in this case a selenium or german 


ium rectifier—can “double in brass.” It can both protect 
in established system and oppose it by performing the 
same function with the help of similar devices. The static 
control unit at lower right combines reciifiers with mag 
netic logic elements. It provides “make and break” fun 
tions like the familiar relay but without moving parts 
or contacts that may stick or fail to make because of dirt 
But even before relays can be written off as unreliabl 
the rectifier has recently come to the rescue as a prote 
tive device to eliminate destructive are ing al the relay con 
tacts. Our cover topic was inspired, too, by the fact that 
hoth the protective function and the switching function of 
<olid-state rectifiers are covered in articles in this June 


64 and 127 


FINGERPRINTING CORONA FAILURES. Demis: 


nsulation stem can be often traced to 


Practically all organic insulatis materials 


des the 
But this ilo ol several ppl 


fluorinated ail anics ive poor 


we start 


oper! 


CHEMICAL ARC QUENCHERS. |}: 


tir ul =} flames “ 


wtion te 


dec ide d 


molded from such inert 


departure from the conventional are chutes 


naterials as porcelain or fused 
As deve loped 


recently by General Electric Company s Distribution As 


silica. or devices ¢ mplovins steel grid plates 
semblies Department, specially developed plastics com 
oat the are chamber and in 
liberate 
tells the story on page 139 


pounds are used to line or « 


the presence of an are they flare quenching 


chemicals W H Yeamans 


CONTACT PROTECTION. [|i problem of providing are 
protection for contacts used to interrupt inductive cir 


cults ts important in a-c as we ll as d-e cireuits parti ularly 


W. Parrish shows how to do 


, ) 
it using se lenium or vermanium rectihers Page L’ i) 


at high supply voltages. | 


The proper design and spec ification of semiconductor 

disad 
cle laved 
associated with fixed resistor, capacitor 


Selec ting the 


irc suppressors can minimize o1 eliminate the 
vantages of power consumption, contact heating 
drop out, et 
or blow-out coil type suppressors proper 
circuit and specifying the rating of the semiconductor is 
explained by the author who has also furnished curves 
from which unknows may be derived to covel a wide 
range of applications. The technique is illustrated in an 


example covering a 24-volt aircraft type contactor 


CONTACT ARCING AT HIGH ALTITUDES. [he designe: 


of airborne electric and electronic equipment has been 


confronted in recent years with specications calling for 


The lack of pub 
electrical phenomena occurring 
between 50,000 and 100.000 ft should make M. R. Alexy’s 


) 
article Because it is) im 


operation at ever increasing altitudes 
lished data concerning 
welcome mn many quarters 
possible to calculate the altitude factor, it is empirically 


derived from test data The resulting curve plots meas 
ured values up to 100.000 ft and is further extrapolated 
to 130.000 ft. Also which ° 


included is a series of curves 


relate breakdown voltage to air gap spacing for various 


electrode configuration Pave 141) 


TRANSISTORS TAKING OVER IN SERVOS? I ollowin 
the transistorizing trend illustrated by the transistor pre 
High-Gain Transistor Magnetic Servo Am 
March 1956 ) 
unplifier cdireeth 


implifier of 


pliftes bLECTRICAL MANUFACTURING 


1()2 now come ill-transistor 

oupled to the control nding of a modihed ses 
chassis with imypected 
Cription ol thi 


perimental 


wlical transistor speciheatior 


ELECTRICAL MACHINERY STANDARDS. 
hanes n rotat electrical machinery desi 
decade tha 
jae thie ee 
cal Machines 
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Hipeosturn 


tant Chet 

Ship 

portance ol mise 

on component 1 re 
ct ind develop 

Bull 


the 


Captain 

confined to 
con 

but 

ot the propul 

with the advent 

We depend o1 

reactor 


radia 
per 


equipment for actual ser 
the 
suthe rently 


lore respective design 


matured tor product 
properly teld-evaluated 
Solution ive hoped for b means 


i wide-reaching reappraisal of reliabil 


ind polieie \ new 
Bri ~ stated 


it peciheation 
Mi 


will. in 


directive 


now under 


wa immary, include the fol 


lowing lep il if} itlemptl to attat 


these 


solution 


\ firm requirement for reliabilit 


wn ind procurement pect 


tion that 


thre la 


expre edo oan term 
measured 
Dhese 

the first 


wcurately in 


specication will provide 
indard 
od et 
manutacturer ” 
of reliability Thi re 
nected to have a stronaly benet 


lect 


lime 
or rejecting the pe 
equipment the 
julrement 
upon reliabilit 1) timulati 
petition in jualit 

de l i peciication 
landatory that cet 
ind phile oprive 
il to reliabilit 
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A COMPARISON GRAPH between 
neral Electric Vac-u-Sel rectifiers 
1 three other makes, showing the 

rwal 1 voltage with time 

ill other makes have 

ed their forward resis 

ed in | 


g less than 30 


i-Sel rectifiers’ long 


10,000 15,000 20,000 25,000 


FORWARD VOLTAGE DROP 


OPERATING HOURS AT 35 C 


WHEREVER LONG SERVICE IS ESSENTIAL... 


GE Vacu-Sel Rectifiers Will 
Give 80,000 Hours of Reliable Life 
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1 


more than adequ 
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nmany yea f outstanding 
THE VAC-U-SEL RECTIFIER IS UNIQUE 


tured by an exclusive spher Dp 


! 
which G.E. has bee 


nefit ; 80.000 hou 


voltage. Thi 
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RESEARCH HORIZONS 


imme hese thie 
tand 1 Fors in-phe } ! | 

hor resin ot produced b the 
! gan Resins Cory Spril 
held Ma The ethane resin J 
Mondur i pane inate derivative 
produced | Moba Chemical Con 
prar Leu Neither Compal make 
i magnet wire enamel Preliminar 
gqula of bormyvar irethane iné bein 
made iilable b Shawit ivan to ma 
ml wire enamel prod wer 


OOne of the most active de elopment 


eu il present, magnet wire enamel 
we bemg developed not only from the 
irethane but also from epoxy pol 
ester ilkyd ihicone ind = ovariou 


combination Considerable interest has 


ilso been hown in the po 


ibility of 
ae eloping a“ thea heath for 


magnet 
wire insulation. Applications where ef 
leet ol high-ene ry nuclear radiation 
constitute i problem would welcome 
uitabyle morgan imsulatior of thy 
type in place of normall radiation 


iflected organi 


Automatic Testing of 
Components in England 


Several ingenious methods for testin 
omponent have been «ce eloped in 
bngland b the Signal Kesearch and 
Development bistablishment Christ 


Hant \ reported b | M 
Booth i paper belore the 1956 Elec 


ronie Clomponent miposmn 


equip 


procedure have been de 


| ‘if al pp 
! th perati ficient i 
j / / " fixes capaci 
(lapacit I e tror 1) {1 O00) 
fue i! ide at ntinuot 
1 per Ven I rt nable 


Silicone Rubber Vulcanization by Irra- 


diation. lwo conds is all it 


experimentally to 


vuleanize this 


ilicone rubber by 


means ol a 


million electron volt 


electrostatic 


generator Conventional vulcanizing 


methods take about several hours for 


the same job. Moreover, no chemical 


igents are introduced during irradia 


tion. Such chemicals, needed in con 


ventional vuleanizing tend to remain 


in the cured rubber and may impair 


important inherent properties. Sample 


alter irradiation vuleanization, shown 
here, represents research work being 
done at the We stinghouse Klectri« 


Corporation's insulation and chemical 


engineering 


ection, materials 


engi 


neering department. Research target 


Industrial utilization of this proce 


Capsule Notes on 
Research Reports— 


VRL Progr monthi 
record of Naval Research | 


Repo f on 


proyect ind work n progre is nev 
enerall ivallable each month a pub 
lished. Orde hould be placed at $1 

period it with the Othee of Technica 
~ we Departmer j Commerce 
Wasl ton 2 I). ¢ \ T il sul 
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Sapphire Pyrometer System 
for Silicon Crystals 


mtrol system used in growing sh 
tal for transistor is based oF 
el use of a pure sapphire iluminus 

sie temperature-sensing rod Devel 


oped by Minneapolis-Honeywell Regu 
Industrial Division 


Philadelphia in cooperation with Philes 


Compan 


Corporation s Research Laboratories 
this system is believed to be a definite 
improvement over conventional thermo 


couple (,reater sensitivity and longer 
hile under the high 


quired for 


temperatures re 


silicon crystal growth are 


obtained Accurate measurements t 
about 1500 C can be made 
About ‘-in. diam and 12 in. lor 


the sapphire rod is focused on the bot 


tom of a crucible containing a silicon 


melt and function is a 
back 
pile and the associated turnace 
Phileo is 
this control 


crystal 


transmission 
line for intrared ray to a thermo 
control 
eirecuits il pre sent employing 
system in its germanium 
production as well as in its 


silicon crystal pilot pl int operation 


Indium Antimonide 
for Control Devices 


Electron mobility of indium antimoni«de 


in intermetalli 


compound that ¢ 


hibit semiconducting behavior) 
ibout 20> time yreater than that 
permanium Thi mobility i esse! 
tiall responsible for the unusuall 
large Hall voltage mad the magnets 


effect of InSb 
Clonsicde rable 


applic ition in 


resistance material 


interest has developed 


mechanical d- 


converte! voltage and current regul 
tor im plifier photoconductive ele 
ment high-sensitivity infrared dete 
lor ind generally as a tool in conti 
circuit / V 1-56 ' 

Re earch quantity ot InSb ir¢ 
fered hb Ohio Semiconductor | 


Columbu Ohio. The 





Factors Determining the Choice of 


HOWARD FRACTIONAL H.P. 
INDUCTION MOTORS 


The increase in the use of Howard Indu n Motors results from the overall 
superior performance characteristics of Induction motors over Series and 
Shaded Pole types. 


basically Howard Induction motors 
100 have the following advantages: 


% TORQUE TORQUE TYPE MOTOR 
‘ ‘ intenance—no brushes to wear irts subjected to le 
TORQUE TYPE MOTOR l Jeon ; - od pg a ted 
POWER: AC 50 to 60 cycles, ee Te ree er a mere 
CHARACTERISTICS Constant 


4 det 1 
2 deter 


speed under increas load of varying power supply 


5 cations with exac ting timir } quirements where load or power 
{ approxima 
yt not constant 
peed decreases with ar y. Ve 
perate 


Extremely quiet operation bot! »chanically and electrically—for applications 


where noise level must be excepti ly low, professional tape recorders, ete 


Low external field, in many cas j maanetic shielding 
' y j 


Good effi iency up to 50 } j é naximum Shade 


ins { Pole motors 


ind 65 in Series motors 


High power factor up to 85 


No radio or TV interference wwplia snd other hon 

Good startir g torque 

Reversible in motion and reversible from rest 

Wide range of H.P. ratings (1/8 to 1/1400) and gear ratios (2:1 to 3600:1) 


Howard Induction Motors are currently used in a wide range of applications— 


y 
business calculators, tape recorders, facsimile equipment, blowers for micro- 


wave relay stations, radar, projectors, teleprinters, gyro drives, automation 
instruments, et 


Howard Induction Motors are available in Torque, Induction Capacitor Run, 
Hysteresis Synchronous and Reluctance Synchronous types. Costs are mod- 


75 erate but depend upon quantity. For full information on Howard Induction 
% TORQUE INDUCTION CAPACITOR RUN TYPE MOTOR Motors, write for bulletin 56A 


INDUCTION CAPACITOR RUN TYPE MOTOR 
POWER: AC 50 to 60 cycles. ected” ball bearings permanently lubricated, 
f d and shielded or sleeve bearings with large 
CHARACTERISTICS: felt oil reservoirs with oil return system (shown) 
No Load speed is determined by the number of poles Sleeve bearing motors can be provided with ball 
ad slip of 2 to 4 7 thrust bearing for vertical operation or thrust 
Constant Full Load speed, with a fu po y loading 
ately 10% 2. 24 t lamination design for quiet, ¢ | operation 
jamin 3 polght ) ule 01 OPeratio 
Breakdown torque—approx a . u stamped from high grade electrical steel 
siniicieaissttsisnid Sta nc Rotors dynamically balanced, skewed to give uni 
form torque characteristics with change of rotor 
. angle 
HYSTERESIS SYNCHRONOUS TYPE MOTOR . 
: f Windings of heavy Formex insulated wire, im 
POWER: AC 50 to 60 cycles. pregnated and baked with top grade electrical 
CHARACTERISTICS: 


varnish 
ynchronized speed, determined by number of poles 


Case of sturdy, rigid casting always 
ng torque equal to Full Load Torque Mounting pads with holes drilled and tapped cast 


Quiet operation on frame. Special face mounting end bell available 


. Internal fan for cooling 


RELUCTANCE SYNCHRONOUS TYPE MOTOR 


POWER: AC 50 to 60 cycles 4 
CHARACTERISTICS: 
ynchronized speed, determined by the number of poles = 
ng Torque Low, 50 to 75% of Full Load 


OTHER HOWARD MOTORS: UNIVERSAL 40D.€ 1/200 to 1/2 H.P. * SHADED POLE 
1/2000 to 1/10 H.P. * SERVO MOTORS + GEAR MOTORS + BLOWERS 


DEPT. —EM-6 + HOWARD INDUSTRIES, INC. + RACINE, WIS. 
SALES OFFICES: 208 S. La Salle St., Chicago 4 


942 S. La Brea Ave., Los Angeles 36 + Ro 4822, Empire State Bldg., New York 1 


DIVISIONS (EMC) ELECTRIC MOTOR CORPORATION (&) cveronm MOTOR CORPORATION ; RACINE ELECTRIC PRODUCTS 
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ELECTRICALTESTS ‘Wm 62% OF ProDUC 


—| QE 27% OF PRODUCT 


SHOW HF ROEVAR = erm 


14000 }— —~—| — 


| | 
MAGNET WIRE hie 


es 
| “id 


~ 


12000 


FAR EXCEEDS ° 
REQUIREMENTS == 


THIS REPRODUCTION of a quality con 


trol chart speaks foritself. Covering Roebling 


225% AVERAGE 
ABOVE SPECIFICATION 


E 


ST VOLTAG 


routine Inspection tests for the 15 months 


e 
TE 
c 


preceding Sept mber, 1955 it shows that the 
insulation of HF Roevar Magnet Wire has a 
dielectric strength ranging, on the averave 
from more than 200° to 600% higher than 
NEMA requirements 

Roevar Magnet Wire insulation has ever 


5000 
other important characteristic. It is tough 


AVERAGE 
ABOVE SPECIFICATION 


ideal for high pen d winding. It bends freely 4000 
without cracking or loosening from the con- 


600% 


ductor. It has maximum resistance to sol 
vents in treating varnishes and to all usual 
baking temperatures 

The coppel conductor is uniformly soft 
insuring good winding characteristics 

Send for full information ...and specify 


Roevar Magnet Wire —today’s finest! 


“40 35 30 2 20 #14 «10 


A.W.G. - SIZES 
QUALITY CONTROL CHART— MARCH 1954 TO SEPT. 1955 


if - tt N ’ ‘ A 





. PACKAGED TO CUT YOUR COSTS 


ORDER ROEBLING ROEVAR 
MAGNET WIRE PACKAGED FOR 
TOP SPEED IN YOUR PLANT 


HERE'S A FAMILY PORTRAIT of Roebling pack- 
ages for Roevar Magnet Wire. At left is the time- 
honored spool available, of course, in all standard 
sizes. Next are three fibreboard drums containing 
100, 250 and 500 Ibs. of magnet wire. And last is a 
pail — metal — 100 Ib. size. 


Many users have already converted — or are 
planning to convert —to drums or pails. These big 


containers cut down on stoppages and threadings. 
bh H 


They eliminate the need of returning spools — save 


Roebling fibreboard drums and 
the metol pail are non-returna- 
ble. In line with the modern 
trend, they are bringing new 
efficiency and economy to wind- 


ing operations 


CEDING BACK COVES 


bookkeeping and handling—boost winding speeds, 


In plants all over America 
Roevar Magnet Wire is today’s outstanding speci- 
fication. Manufactured to exacting Roebling stand- 
ards in today’s most modern magnet wire plant, 
Roevar’s insulation is far superior to conventional 
enamel and dependably maintains its dielectric 
strength despite the destructive forces encountered 
in actual service. Available in sizes #8 to 40 A.W.G. 


Samples furnished on request. 





THIS Is Cy’ PAK 


to eliminate maintenance on industrial control 


Now you can break the downtime barrier 
to further expanding industrial control 
Westinghouse CYPAK* provides two 
bold, new advantages to jump the limi- 
tations of mechanical relay 

kirst, unlike the mechanical relay, 
CypaAk has no moving parts to wear, 
corrode, jam or otherwise cause failure, 
Data processing is carried out by mag- 
netic “‘make and break” of currents 
giving CYPAK a life at least 15 times that 
of conventional relay systems. 

Second, CYPAK Is given greater pro- 
tection against the mechanical shock 
and corrosive elements of industrial ap- 
plications. Kach component panel 1 


* Trade-Marh 


sealed in a solid block of plastic. CYPAK 
systems are built up from an enclosed 
power channel into which the CypaAK 
elements are plugged in, locked in 
securely. Signal terminals are joined 
with push-on sleeve connectors. 

Sut get all the facts on the challeng- 
ing advances made in CyPAK. Call your 
Westinghouse sales engineer today 


J-O01004 


Write today for your free 
copy. The Whys and Where- 
fores of CyYpaK, Booklet 
B-6584. Westinghouse Elec- 
tric Corporation, 3 Gate 
way Center, P. O. Box 868, 


Pitt burgh 30, Penna, 


WATCH WESTINGHOUSE 


WHERE THE FUTURE IS ALREADY IN PRODUCTION! 





International \ 


Tiree 


power diodes'! 


: 
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For industrial and high temperature o applications! 
; & 












Operating temperature range: 55 C to +150°C 
VAC SR mR Lem CORN OR UHC 
Ca Chie Ome eet mel). OO ee eee i) ae 


*Mounted on cooling fins 
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IN FULL 
$TUD MOUNTED | AND PIG TAIL LEAD CONSTRUCTION 
PRODUCTION! ALL-WELDED 


HERMETICALLY SEALED 
HOCK-PROOF 

HOUSING 
ed in se 


ning 
International silicon diodes are the result of TWO STYLES AVAILABLE 
8 years experience in the development of advanced 
rectifier products...all manufactured to the highest standards 
of reliability in the industry! INTERNATIONAL RECTIFIER 


the complete line-SELENIUM-GERMANIUM- SILICON 





international Rectifier 
a °o aa ad oO = A T i oO N - 
EXECUTIVE OFFICES: EL SEGUNDO. CALIFORNIA «+ PHONE OREGON 86-6281 





Here’s why Dayton’s experience 
In supplying 76% of the V-Belts for 
Variable Speed Drives can help you 


Virtually every problem present on any V-Belt drive must 
ilso be met in building a V-Belt to meet Variable Speed 


Drive specifications 


In addition, two problems must be overcome, whos 


lifficulty of solution puts V-Belts for variable speed use on 


the highest level of V-Bele design. These two problems are 


: ’ 
For ; rugged sheet metal press, Dayton Double Cog-Belts pro 
maximum longitudinal flexibility 


high 


Variable Speed drive motor 


vice extva strength and durability 


to take the high loads starting torques of the horizontal 


Exclusive Geuble Cog design permits 


use of minimum width pulleys 


16 


’ 


RATE OF WEAR 


1. The need for extreme longitudinal flexibility coupled 
with tremendous transverse rigidity to accommodate sub- 


diameter pulleys and maximum axial pressures, and, 


2. The need for a V-Belt of minimum width and thickness 
capable of meeting the requirements of a full speed range 


plus the ability to maintain exact speeds at each level 


The ever-increasing market for variable speed drives of 
higher capacities and greater speed ranges requires a con- 
tinuing program of V-Belt development. One of the most 
successful V-Belt designs resulting from this program is 
the exclusive Dayton Double Cog-Belt.* 


The Double Cog-Belt is the closest approach to the 
theoretical ultimate in V-Belt design, offering the highest 
pull-out torque of any V-Belt made. For its effective depth 
it provides a higher degree of longitudinal flexibility than 
any other V-Belt design and is capable at the same time of 
withstanding maximum axial pressures. These are among the 


reasons it is especially adaptable to variable speed service 


Variable speed drive manufacturers have, through ex 


perience, become convinced of 


the tremendous worth of 
Dayton's exclusive V-Belt designs and Dayton’s skill in 
developing internal constructions to meet high and rigid 


requirements. As a result 


Dayton supplies 76% of the 


V-Belts for the variable speed market 


h 
WEAR DUE TO 
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OVERLOAD 
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Vertical variable speed motor on this automatic Glue Spreader re 
ceives full, non-slip power from Dayton Variable Speed Cog-Belts 
Exclusive single Cog design offers instant speed changes, assures 
maintenance of constant speeds for all operations 


BELT LOAD 


SPRING 
COMPRESSION 


Vy 


Tremendous crosswise rigidity ts provided by Dayton Double 
Cog-Belts to maintain precise speed control. Greater surface area 
rapidly dissipates heat of flexing, prevents heat build-up. Light 
weight reduces centrifugal forces and internal stresses 


Dayton’s experience in building special V-Belts extends 
into every major field of V-Belt drive design. 


In agriculture, heavy duty variable speed drives are used 
as traction drives on self-propelled farm implements. In 
addition, Dayton has designed and built special V-Belts, 
which successfully cope with such problems as misalign 
ment, lack of tension adjustment, sub-diameter pulleys 


backside idlers and use as a clutch 


In railway, V-Belts for under car drives for lighting 
heating and air conditioning, are required to meet a whole 
new set of conditions, among them being extremes of 
weather, misalignment and continuous service. Dayton de 
veloped the first V-Belt drive for caboose electrification 
which involved taking power off one side of a Cog-Belt 
and transmitting it from the other. Exclusive design of the 
Dayton Cog-Belt has been found so suitable for power trans 
mission on the auxiliary drives of Diesel locomotives that 
they are installed as original equipment on over 90% of 
all new Diesels 


In household appliances, Dayton has delved deeply into 


-P 


77 
a 
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the problems of designing and producing FHP V-Belts 
which will give long, efficient service with almost no main 
tenance. High on the list of problems are lack of space 
for take up sub-diameter pulleys and elimination of vibra 
tion. These problems are simple enough to solve in pilot 
V-Belts, but Dayton has a successful record of maintaining 


pilot quality in production quantities 


In industry, conditions which require special belts vary 
from the space and weight limitations of machine tool 
manufacturers, to the “full surge’ loads which hit a set 
of V-Belts when 


i ¢ neral industria 


ik power is applied instantaneously. For 
use Dayton produces a standard line of 


V-Belts whicl in ommodate over a quarter million 


different drive designs 


For the answer to your drive problem, whatever it is, con 
tact the V-Belt manufacturer who supplies 76% of the 
toughest V-Belt drive market in the world 


The Dayton 
Rubber Co., Ind. O.E.M. Div., Dayton 1, Ohio 


YEARS OF PROGRESS 


WORLD’S LARGEST MANUFACTURER OF V-BELTS 


industrial Sales Engineers in Atlanta, Chicago, Cleveland, Davenport, Dayton, New York, San Francisco and St 


Louis 





OUR MILLIONTH FILTER SHIPPED THIS YEAR. 


FILTERS 


FOR EVERY APPLICATION 


UTC manufactures a wide variety of 

bend pass filters for multi-channel 

telemetering. \llustrated are a group 

of filters supplied for 400 cycle to 

40 KC service. Miniaturized units 

heve been made for many applica- 

tons. For example a group of 4 cubic 

inch units which provide 50 channels LJ 1 tJ 

between 4 KC and 100 KC. Dimensions 


(4682A) l¥o x24 


r Lain 1 i 
suatite ” bY 8 » 


AIRCRAFT 
FILTERS 


UTC has produced the bulk of filters 
used in aircraft equipment for over 
a decade. The curve at the left is 
that of a miniaturized (1020 cycles) 
range filter providing high attenua- 
tion between voice and range fre- 
quencies. 


- =e hol a ie Curves at the right are that of our 
lilies ‘200 . " ‘ i miniaturized 90 and 150 cycle filters 


(9834) 114% 1% x2 FREQUENCY for glide path systems. 
(2000, 1) 1'4 «1% 


CARRIER 
FILTERS 


A wide variety of carrier filters are 
available for specific applications 
This type of tone channel filter can 
be supplied in a varied range of band 
widths and attenuations. The curves 


shown are typical units 


DISCRIMINATORS 


These high Q discriminators provide 
exceptional amplification and linear- 
ity. Typical characteristics available 
are illustrated by the low and higher 
frequency curves shown 


Dimensions 
(6173) 1-1/16 x 1% x3 
(G174A) 1 x 144 ue 2% 


cas hie item elas Ot wotelanets UNITED TRANS FORMER CO. 


reactors, filters, and high Q coils, write 
for Catalog A 150 Varick Street, New York 13, N. Y. EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. CABLES: “ARLAB* 





FORMVAR ... 


the name everybody depends on! 


Formvar is the registered trade name for polyvinyl forma] 
produced and sold only by Shawinigan Resins Corporation. 
When combined with an alkyl phenolic resin it becomes 
that tough, heat resistant wire enamel popularly known a: 
“Formvar enamel,” 75% of all magnet wire used today i 
enamelled with Formvar phenolic. 

Good reasons for this universal acceptance of Formvar 
are expressed in the statement of the wire enamel require 
ments that Formvar phenolic enamel meet 

lormvar phe nolic enamel passe industry tests for: 
Coating uniformity and smoothne ¢ Abrasion resistance 
Heat shock resistance Dielectric resistance, dry and wet 
Resistance to ther: opla tic flow © Resistance to solvent 
Flexil lity e Adherence 


oduction controls and active 


basic formulae keep Formvar 

pendable ingredient in proved wire enam- 

ind Formvar for continued prog 

hawinigan Resins Corporation, Monsanto 


Ave., Springfield 1, Ma 


SHAWINIGAN 





WHY GISHOLT SELECTED THE NEW “SF’”’ 
ELECTRIC CLUTCH ORIGINATED BY WARNER 


New drive improves control, 
saves motor maintenance! 


<J () 


p ft te 
fcisnow & 
Here’s a unique and extremely simple design—one con } i 


lj YW, — 
4 } 
fant running drive motor belted to a Constant spec 1 drive 
cra 


heave, and two Warner tationary Field Electric Clutche 


complish all functions of starting, stopping, reversing 


ind jogging the spindle of this Gishole Turret Lathe 
Benefits to Gisholt users are many, including simpler 
ontrol of actuating elements precise inching control 
of the chuck fast revel inp and reduc 1 loading 


on the drive motor 


Get the jump on Competition by doing as 
America’s leading equipment builders 
ing Warner RI klectric Brakes and “SI blecers 


ches to incre e machine performance and facilitate 


latic Control With imple magnetic circuit 


hicker and tougher friction rlaces and more compact 


lesign these new Warner units give you all the revolu 


conary control advantayes mad ble by electro-magy 
netic actuation | | 
tre Operating feature 

| 


their produ tion an 
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Reverse Clutch Armature 


EASILY SOLVE POWER PROBLEMS LIKE THESE 


: 


See 
Cae AAAS 


See 


es 


Textile Machine — Br f ot is } Mobile Power Unit— Electric « v i Guillotine Cutter—Two clutch 


mounted to motor hous 


armatures are 


wnted back-to-back on drive pins extending 
ve pins to hub, whict through a spider inside the drum. Current is sup 
ves the brush roll. Perfe sy mized 2< ’ ssembly are eyed » driver plied from ip ft 3 to clutch flelds, which are 
) of eight rolls is accomp nted t 3 hub on the drive sha utches are 
dual rheostats in the « ictuated simultaneously yY a rotatir rank 
) up of material betweer trolling drum drive ar nve feed. Adjust- 
while stopping the mn ine . { engages . r jrive ment of crank throw co 





Machine Tool—Free running sheave is used as 
mounting hub for clutch armature. Clutch magnet 
is mounted to collector ring assembly and keyed to 
headstock spindle. Brake magnet is stationary 
mounted to machine casting, while armature is 
mounted on pins set in hub, which is keyed to 
spindle Fast switchir g from clutch to brake permits 


improved inching and jogging, easier cor trol 


Precise inching of the 
spindle is controlled by 
applying reduced cur- 
rent to the forward drive 
clutch field. 


When the forward drive clutch is operating and the reverse clutch is 
energized, the reverse clutch acts momentarily as a brake to decelerate 
the spindle, and then as a clutch to accelerate it in the opposite direc- 
tion. The braking action is extremely fast, and the acceleration is excep- 
tionally smooth. 


ELECTRIC BRAKES 


ee” AND CLUTCHES 


Warner Electric Brake & Clutch Co. 
Dept. EM, Beloit, Wisconsin > 


Please send copy of your new ¥ ; 
Condensed Catalog No. 6212 





HOW 


ments, developed a special grade, pro- 
duced a better part, and saved the 


customer 52c a pound. 


Are you buying laminated pla ti properties you don’t 


need? Or are you paying the penalty of poor product 


performance because you've been hort-changed on 


‘ ential propertic 


You can never be sure until you it Formica fabri- 


cating engineer check your porte 


) requirements, 
Pell him what you need, wher iow you'll be 


Your blueprint 
tells only half 
gels story... save you money 


IMPROVED FABRICATED PART PERFORMANCE AND SAVED 23%! 


Formica studied performance require- 


using your fabricated part. Then he'll select the one 


grade that’s best and most economical for you. 


With 52 standard grades, and a competent research 
staff to develop special new ones, there’s never any 
compromise with grade selection at Formica. And design 
modifications recommended by Formica fabricating 
engineers will further help to produce a better part, 
frequently at big savings. 


This fabricating service is part of Formica-4, designed 
to give you the best grade at lowest cost for your applica- 
tion. Call your Formica district office or send us your 
blueprints and your performance requirements. Formica 
Corporation, subsidiary of American Cyanamid, 4645 
Spring Grove Ave., Cincinnati 32, Ohio. 


. tell us your performance 


requirements and we'll 
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RADIO RECEPTOR 
SELENIUM RECTIFIERS 


Choice of thousands in diversified industry 
—as original equipment and replacements! 


INDUSTRIAL TYPE RECTIFIERS 
Years of service in every kind of application have proved the 
long life and dependability of these rugged units. Available 
in various voltage and current combinations up to several 
hundred kilowatts, they are useful in a multitude of industrial 
and power circuits such as power supplies, magnetic ampli 
fiers, electro-plating, battery charging, etc 


RADIO TYPE RECTIFIERS 
Millions of these stacks are in service in radio and TV circuits 
as well as many small power applications. Thoroughly depend 
able under all types of grueling conditions, they are specified 
by an increasing number of engineers in the U. S. and through 
out the world. Available for black and white as well as color 
TV in ratings up to 750 MA 


EMBEDDED RECTIFIERS 
For top protection in mil ary and other applications calling 
for the strictest requirements. Recommended for use where size 
and weight are important « onsiderations such as in aircraft 





HIGH TEMPERATURE TYPES 


High temperature rectifiers are now available in the larger 
cell sizes up to 5” x 6” to operate without derating at 125°C 
Radio Receptor research has brought the cost down so that 
the field is now wide open for use in many applications once 
considered prohibitive because of size and price 
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HERMETICALLY SEALED UNITS 


Built to special requirements to meet unusually severe condi 
tions. Designed to meet individual needs 
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If you have a problem involving rec- 
tification, submit your requirements 
and our engineering department will 
be glad to aid you in the solution 

without obligation, of course 
Write for our latest bulletin no. T-7 


rn 
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RECTIFIERS FOR MAGNETIC AMPLIFIERS 
Special designs will be submitted to meet individual require 
ments. However in many cases standard Radio Receptor stacks 
will give highly satisfactory performance ir mag-amp applica 
tions, saving both time and money. Let us study your specs 
and make recommendation: 


Sts a A ISS ty 


De rina 


ee 


Semiconductor Division 


RADIO RECEPTOR COMPANY, INC. 


UT ated). 
Radio and Electronic Products Since 1922 


‘ ¥ 


240 WYTHE AVENUE, BROOKLYN 1] TELEPHONE EVERGREEN 8-6000 


' ‘ 
her Radio Receptor products: Germanium & Silicon Diodes, Thermatron Electronic Heat Sealing Equipment , Radar Navigation & Communications Equipmen 





Designers 


Full capacity d-c magnetic 
blowout contactors lengthen 


life of the contact tip 


Complete protection of d-« 
drive motor and generator by 


d-c overload relays. 


Shaft-mounted fan keeps cahb- 
inet pressurized—helps keep 


dirt out 


Large openings in end shield 
allow easy inspection of 


brushes and commutator 


Self supporting m-g set spe 


cially mounted to help prevent _ 
- 


vibration 


Simple, start-stop push button. 


A-c undervoltage protection. 
Protection of a-c equipment by 
a-c overload relays. 


A-c short-circuit protection. 


A-c control in isolated com- 


partment. 


Dependable, powerful motor- 
generator set matches over- 
load capacity of the d-c drive 


motor. 


Speed Variator maintains constant 
surface cutting speed over 20:1 range 


Packaged unit helps save up to 47% machining 
time on 8-foot vertical boring mill 


ring know-how helped « the work changes, and maintaining cor 
electrification of this Gid stant chip thickness, the G-E drive pre 

d Lewis 8-foot vertical boring ides electronic two-dimensional tracing 

mill which can save up to 17%, machining G.E..’s two-dimensional tracer head con 
time with improved surface finish. AG-E _ trols the ram and saddle motions. Each of 
hp electronic Speed Variator drives these motions has a 1 hp d-c motor 
the main table. Mounted on the left rail amplidyne generator* feed drive which 
head is a potentiometer sensing element operates to move the tool in the required 
nds signals to the Speed Variator direction to automatically duplicate the 

thus maintaining constant surface cutting shape of the template in the work piece 


speed over a 20:1 range of work diameters GEA-6127 describes the Speed Variator 


In addition to maintaining constant The Amplidyne—rotating amplifier developed by Gener 


Elect the heart « s and many other systems requ 


surface cutting speed as the diameter of the maximum 


GENERAL @@ ELECTRIC 
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Digest 


Smaller, more versatile General Electric 
_ $trongbox solenoids solve many design problems 


Built to meet modern industry's require built-in terminals. Twenty-two percent 
ments of top performance and depend smaller on the average than previous 
ability, General Electric Strongbox sole models, the Strongbox solenoids range in 
noids offer design engineers many im height from 2%, in. to a maximum of 


- § Thi 51Z l oO 
portant advantages +, in. This smaller size permits more 
LONGER LIFE is assured when you use G-E 


solenoids in your products. The Strong 


compact machine design, helps solve 
space problems 

WIDE RANGE OF RATINGS in both push 
and pull forms is available. Strongbox 


solenoids are offered in 9 sizes with 


box coil is completely moistureproof and 
is protected from accidental damage 
Hydraulically riveted, silicone-steel lami basic ratings of 24 to 600 volts, 2 


nations in plungers and frames resist cycles or direct current 


vibration ; arati Vv é | 
bration and separation even after re Nominal ratings in maximum strok 
peated use, and glass-fabric plunger 


60 cv les, are 
in. pull from 3.8 to 40 Ibs 
DESIGN FLEXIBILITY is greater. G-E l-in. pull from 1.4 to 36 Ibs 


Strongbox solenoids can be mounted in !,-in. push from 2.5 to 33 lbs 


guides keep friction to a minimum 


one of five positions Wiring iS made l-in push from 4.3 to 28 Ibs 
isy because the coil has both leads an Bulletin GEA-6215 gives detail 


current, power factor, position 


General Electric electronic amplidyne 


combines a highly responsive amplifie 


with a regulated power source. From th 
one unit you get tepl s inial 
control, regenerative braking 


laintenance of Ie 


NEW general-purpose recorder hau eee : 
—with first throw-away inkwell 


Now designers can utilize G.E.’s Type C ‘ddines and Le wy 

CH Recorder to obtain low-cost, precise Bulletin 

measurements. Servicing time and costs 

are cut because of six new advantages 

1) large, 3-ounce clear-plastic inkwell ha: 

three times the ink capacity, reduces 

problems of open inkwells found in all 

other recorders: (2) 150-foot record rolls General Electric Co., Apparatus Sales Division, Section D 668-129, Schenectady 5, N. Y. 


I 1, times ng 3 to 28 different 
are » times longer 1 28 differer 
es lor 5 7 Pp F . Please send me the following bulletins VV for reference for immediate project 
chart speeds ranging from ‘4 in hr. to 
20 ir records are easy to read 
| 1. min.; (4 Is ar , , GEA-6127 Speed Vs 1319 New General Purpose 
because of excellent internal lighting and 
GEA 4053B) Amplid GEA 621 
maximum contrast between red ink and ; oe 
light green chart lines; (5) durably built 


for long life; (6) all necessary work can be 


ienomas 


Company 
done from front of recorder, and there 1s 


plenty of working space in white-painted 
interior of case. Bulletin GEC-1319 
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(MaLLory | 


Ideal for 


power appliances, this Mal- 


many medium 


lory push-button switch can 
provide 24 different switching 
sequences, on circuits up to 


7) 


15 amperes, 125 V, or 7% 


amperes 250 V. 


How Mallory-Engineered Switches 


Add New Values 


rm 

| Hk PUSH-BUTTON SWITCH shown above | 
typical the hundreds designs that 
Mallory manufactures for in leading 
appliances and industrial products. If you 
, Ironers, refrig- 
imilar product 


ol of 


manufacture air conditioner 
erators, fans 
find that thi 
what you need 


or you 


particular model is 


may 
exactly 


Regardless of what your particular require 
ments may be, you can profit by bringing 
your switch problems to Mallory, for extra 


value 


In engineering. Mallory switch specialists 
have worked for years in cooperation with 
manufacturers . built 
torehouse of experience in solving 


problems of many types. 


major .. have 


up oa 


witch 


Serving Industry with These Products: 


Electromechanical Resistors © Switches ¢ Tuning Devices ¢ Vibrators 


Electrochemical Capacitors . Rectifiers « Mercury Batteries 


Metallurgical Contacts * Special Metals and Ceramics * Welding Materials 


to Your Product 


In economy. Mallory switches are made to 
precise standards in modern, high volume 
production facilities. Standard models in- 
clude some twenty basic types, each with 
numerous modifications to offer you a wide 
range of switching functions at economical 
cost. For special requirements, custom-engi- 
neered switches are produced efficiently and 
on prompt delivery schedules. 


In performance. The quality built into Mal- 
lory switches, through expert design and 
precision manufacturing, has made them the 
standard of performance in the industry 
They can be relied upon for service life well 
beyond usual equipment specifications. 


Mallory switch engineers will be glad to con- 
sult on your specific application. For full 
facts, write or call Mallory today. 


Expect more...get more from 


P_R. MALLORY @ CO. inc 


MALLORY 


MALLORY & CO 


Pr. R rs INDIANAPOLIS 6, INDIANA 


956 ELECTRICAL MAN 
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Can “FILM (lo this? 


Electronic Engineers have asked whether Amplifilm, the 
unique dielectric, can be utilized to form smaller com- 
ponents, thereby reducing the size and weight of the 
end-product. Realizing the cost-saving to customers, A-MP 


has designed and produced components made with Ampli- 


film Dielectric materials that are less than half the size 
of the space formerly needed in the end-product. Therefore, 


the question can be answered ... . 


Write today for further information on An plif lm. 
If you have any specific dielectric problems, be 
sure to mention them Amplifilm night pro ide 


the answer. 


electronic products. 


Witness the assembly pictured. The frame had to be built 
around the small A-MP component to permit it to fit snugly 
in the assigned space in the end-product. The end-product 
could be smaller and lighter if it were designed to take 


advantage of the small size of the A-MP component. 


Division 


, Elizabethtown, Penna 














R&aM “CLEAN-SWEEP” 
VENTILATION 
GIVES YOU A MOTOR 
THAT STAYS COOL 


’ To show how R & M motors shrug off heat, a at unusually high velocity—from one end clear 
standard R & M ‘All-Weather’? Motor was run through to the other end. K & M “‘clean-sweep”’ 
for two hours— with a blowtorch pointed directly ventilation not only carries off motor heat, but 
at it. At the end of the test you could fry an egg also prevents build-up of dust and dirt in the 
on the shell in seconds; surface temperature was cooling passages. And for extra protection, open- 
298° F. But inside—where coolness counts ings are screened — at no extra cost to you 


temperature stayed at 167° F. Winding and in- 



















A foundry in the midwest is one of many users 


sulation remained in perfect condition who swear by R & M Motors because of ‘‘clean- 


There’s an important moral to this test, even sweep” ventilation. One of their motors has seen 
though you'd never subject a motor to such ex- 11 years of service on a blast furnace charging 
treme heat in your plant. Overloads have the crane. Hot work—but the R«&M motor still 
same effect on a motor; so does exposure to hot runs perfectly! You can expect the same top- 
sun. R & M motors are designed to circulate air flight service in your plant 


ROL EAME 2 LAV EbED. 1c. 


SPRINGFIELD 99, OHIO + BRANTFORD, ONTARIO 


( 


From I 200 | “if it'sanR&M 
é it’s the Right Motor! 


MAIL THE COUPON TODAY... 


Frequency for more information on the finest 


' 
converters and motor your money can buy 


alternators 


2'A to 15 kw —_———_—_——— i | 


EM 





Robbins & Myers, Inc., Springfield, Ohio 


[] Please send illustrated Integral Motor Catalog, showing all the 
| extra features of KR a M “All-Weather’’ Motors that are furnished 


at a standard motor price, We are also interested in 


Explosion-proof totally 
enclosed fan-cooled 


| to 40 hp 








| { } Ex plosion-Proof [ ] Capacitor Single Phase 
(] Totally Enclosed {_]) Frequency Converters 
| Fan-Cooled & Alternators 
| Name Title — 
Compan = 
Ade 
Direct current motors Capacitor single-phase | Addr = 
1 to 7'A hp notors | to 15 hp 5 
City Zone State =a 
“All-Weather” isan R & M trademark | 





Complete Motors...or Motor Parts 
Let your design problem make the choice! 


Standard motors and matched motor Portable Saws Vacuum Cleaners Portable Grinders 
Drills Files Sirens 

Nut Setters Sanders Hair Driers 

what R & M is qualified to build! Spe- Hammers Pumps 


parts represent only the beginning of 


Advertising Devices 
cial R & M fractional horsepower with Routers Compressors Ventilating Equipment 
Screw Drivers Hones Oil Burners 

Hedge Trimmers Business Machines Surgical Instruments 
signed motor parts to fit your housings Lawn Mowers Cast Cutters Grease Guns 

Nibblers Food Mixers Vibrators 

Lock Mortisers Polishers Die Sinkers 

Valve Grinders Planers Waxers 


any housing design—or specially de- 


are regular KR & M contributions to 


products such as those listed at right: 





Formerly it took months to do a really thorough job 


Here, for example, are some of the quality features 
of calculating motor performance and requirements for 


en built int N ‘rsal t parts 
a given job. Now, using the unique R & M “Electrical uilt into R & M universal motor pa 
Slide Rule,” the performance of any one motor design a 
can be calculated in about 20 minutes! Result? R & M 


can engineer a motor to your exact requirements 


Every field coil has paper in the slots—in addition 
to standard taping. More insulation means longer 


motor life, fewer failures 
thoroughly, accurately, and in time to meet your pro 
duction and marketing schedules! . Insulating material is selected for the job. For ex- 


ample, glass insulated wires are used in sander and 


saw motors 


R & M motors are varnish-dipped and baked 


much as three times when service requires it 


Standardized commutators and laminations—for 


mass-production at no sacrifice in quality 


Diamond-turned commutators... for greater con- 
centricity and smoother surface finish. Brushes 
last longer! 


Matched Motor Parts are precision-built, 100%- 
tested, dynamically balanced, fully interchangeable. 





How to select the best 


fractional Horsepower 
Motors gH ron maciunts, 


APPLIANCES 


The most important single factor in motor perform- qualified, with engineering skill and experience, and ex- 
ance is selection of the right motor for the job. That's tensive manufacturing facilities, to do an exceptionally 


why R«&M offers such a wide variety of types and good job for you. At least, it won't cost you anything 

sizes of motors and motor parts. From these many to find out. 

standard and special-standard types we can, in most het Sle Tall Vou Mes 

cases, help you select the motor to help give your 

product the best all-around performance. Call the nearest branch office for an R & M Motor 

Specialist —or write us for the information in which 

We Also Custom-Design, Economically! you are interested. Use the check list below 

Your problem may require a custom-designed motor 

If so, we'd much rather work out a special motor for 

you than see you take an “‘off-the-shelf’’ compromise 
Ordinarily the extensive calculations required make 

custom-designing pretty expensive. We've licked that 

problem, too, with the unique R & M “Electrical Slide 


eeeeeeee ee eeeeeeeeueeeeeeeeeeeeeeeeeeee ee 


EM 
ROBBINS & MYERS, INC., MOTOR DIVISION, 
Springfield 99, Ohio 


Please send me, without obligation, information on 
Rule.’ This is an electrical motor-performance calcu Motor Parts for Portable Tools 
lator. With it, the designer can reduce the work of a 
whole day or two to about twenty minutes! Naturally 


you and we both benefit. 


Universal Motors 

Capacitor Motors 

Universal and DC Motors 

R & M ‘All-Weather’? Motors—up to 200 HP 
Please have a Motor Specialist call 


Some Other Advantages of R&M Motors 


R & M offers some special construction features: extra 
insulation; glass insulation where heat requires it 
diamond-turned commutators; extra varnish treat 
ment; a gratifyingly low failure rate 

As a pioneer in the small motor field, we have de 
signed and built millions of small motors for thousands 
of different applications. And so we naturally feel well 


RaM MAKES BOTH! 


Fractional horsepower motors and parts 
... from 1/200 h.p 


eeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeee 
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BEING = MYERS, inc. 


SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


Integral Horsepower 


motors; famous R&aM me ¢ . “arid 
"All-Weather'’* motor with sealed - ' , . J ys 
bearings. Up to 200 h.p. 


“1G ellauw industrial 


All-Weather in R&M trademark tilating Equipmer 
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Because long and satisfactory operation of your electrical prod- 
ucts depends upon reliable. power supply why speculate 
with questionable cord sets for the sake of a “paper” saving? 


Invest in the very BEST the BLUE CHIP Cord Sets that insure 
better electrical performance LONGER! 


A Umm Teese Mul aire) 
facilities at YOUR service 
for the designing and COLOR-styling 
of CUSTOM Cord Sets 


eT aed) ele 


50 Church Street New Te 7, N.Y. 


“MADE BY ENGINEERS FOR ENGINEERS’ { 
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HALF A MILLION 


“VARIATIONS ON A THEME’ 


Industry writes the score—to the tune 
of nearly four billion dollars worth 
of products a year using Torrington 
air-impellers. 

The research and development 
necessary to meet this tremendous 
demand is responsible for upward 

of half a million design variations of 
Torrington products...nice 

music when you have a 

tough problem. 

If youarea design or 

production engineer, our 

exclusive engineering laboratory 
facilities—and our product 
engineering experience— are 
directly available to you for the 
solution of air moving problems 
related to your products. 

Simply write or call us, or your 


nearest Torrington representative 
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MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT 
VAN NUYS, CALIFORNIA: OAKVILLE, ONTARIO 
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ANNOUNCING A NEW HIGH 
IN MAGNET PERMANENCY 


Unique Ceramic Permanent Magnets are extremely resistant to 
demagnetization... Are virtually electrical non-conductors— 
Use no critical materials ... Cost materially less 


VA 


A LOW COST ceramic permanent 
magnet material developed by the 
Stackpole Carbon Company, St 
Marys, Pa. combines adequate en 
ergy product with high coercive 
force, low residual induction, vir 
tually 100°, electrical resistivity 
and exceptional resistance to de 
magnetization. These unique char 
acteristics plus the low cost and the 
non-critical nature of the ceramic 
make magnets of this material 
ideally fitted for all ordinary uses 
as well as highly critical applica 
tions such as those where the mag 
nets may be exposed to strong 
demagnetizing fields 


No ‘‘Keepers’’ Needed 


Known as Stackpole Ceramagnet 
permanent magnets, the new units 
retain their energy even when used 
without “keepers” or other closed 
circuit conditions, and in the pres 
ence of opposing field 

As an example, Ceramagnet can 
not be demagnetized by another 
magnet of a force up to 2,000 gaus 

Ceramagnet magnets are prac 
tically non-conductor Electrical 
resistivity is 6x10!" ohm-cm, mak 
ing them ideally suited for high 
frequency and high-voltage circuits 
They can be placed in the direct 
path of electro-magnetic energy to 
rotate the polarization plane, to 
focus cathode ray tube beams or for 
similar purpose 


Unaffected by Strong 
Opposing Fields 

Their magnetism is unaffected by 
their surroundings. They themselve 
exert litthe or no proximity effect on 
nearby circuitry 

Another feature that may offer 
interesting possibilities in some ap 
plications is the fact that Ceramag 
net temperature characteristics are 
linear, including retrace, to 400°C 

Typical Ceramagnet application 
range from magnetic focusing of 
cathode ray beam tubes to use on 
door latche magnet drives, in 
struments, oil filter meters, toy 
relays, magnetic attenuator cou 


*Reg 


A TYPICAL GROUP of Stackpole Ceramagnet* ceramic permanent magnets 


Practically any size 


or shape within the range of mode .: moiding equipment can be supplied. 


plings, magnetic seals, motors, small 
generators, H-F alternators, mag 
netos, ion traps and others 


Cost Less, Weigh Less 
Than Metallic Magnets 


Made of non-critical, inexpensive 


barium and iron oxides, the new 


Stackpole permanent magnets are 


blended, molded and sintered by 
much the same processes that have 
made Stackpole iron and ferromag 
netic processe 
core fields for many years. 


Ceramagnet is classed among the 
hard magnetic material 


Cost is materially less than metal 
lic magnets. Weight i 
only 4.85 gms/cm 


Although the energy product 
O.915x10° gauss-oersted is le 
than that of metallic permanent 
magnets, the important point is that 
Ceramagnet's full energy ts available 


also less 


pre-eminent in the 


under practically any 
even without “keepers” 

Even in cases where it might be 
necessary to use a larger Ceramag- 
net magnet, the cost factor would 
still be in its favor 

Units are machineable by wet 
grinding and may be machined after 
magnetizing 

Highest energy product is ob 
tained by magnetizing across thin- 
ner sections although units can be 
magnetized in any direction 


condition, 


Write for New Ceramagnet 
Data Bulletin 


Complete engineering data on Cera 
magnet including graphs of essential] 
properties appears in the new Stack 
pole Ceramagnet Bulletin RC-10A 
Copies are available on request to 
Electronic Components Division. 
Stackpole Carbon Company, St, 
Marys, Pa. 
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CAPACITORS by General Electric 





MICRO-MINIATURE TANTALYTIC 

For tage d-c mimaturized electronic Fe electronic equipment requiring 
equipment hearing aids, walkie-talkies, size, eakage current, ng she 
pagin tems Ideal for transistorized vide temperature range. Plain or 
assemblies. Ratings 1-8 uf at 4 v. d-c, 1 uf foil, and polar or non-polar type 
it 8 v. d-c, 0.1 uf at 20 v. d-c. Tolerance — 0 for a-c or d-c. Ratings 0.25 80 uf 
t + 200 Temp. range 20 to +50° C 150 Tolerance 20 plain 
BU LLETIN GEA-6065 75%, 15+ 50 15 +30 

| te +8 ( BI 


Temp. range 


rIN GEC 808 





PERMAFIL-IMPREGNATED 

Designed to meet requirements of MIL-C For motors, filters, communication 

25A, characteristic K specifications, and are ment, luminous-tube transformer 
iitable for high-temperature operatior trial control. Ratings dual rated it 
Ratings 0.05—1 uf at 400 v. d-c. Tolerance d-c) rated at 0.01 0 uf, at 236-660 
10%, Temp. range 5 to +125" « 400-1500 d-c. Single rated um 
BULLETIN GEC-811 available Tolerance 10° Temp 
5 to +85° C. BULLETIN GE(¢ 





ENERGY STORAGE NETWORK 
For use in high magnetic fields and hig} For guided missile craft 
intensity arc discharge. Ratings: may be built ment. Ratings: built to use pe 
‘ ‘ is 2006 ile vatt-second Toler- Temp. range t 12 { 
ance 10 BULLETIN GEC-13 pecifications. BULLETIN GE/ 
NOTE: All capacitance tolerances are given at ( 


Progress /s Our Mes Inportont Product 





STANDARD COMMERCIAL 


equip 
indu 


range 


B04 








METAL-CLAD TUBULAR (Permafil impregnated) 
For d-c use vhere reliability under severe 

rating ndition i required (militar 

trome equipment). Ratings 0.001 1 ul 
it 100, 200, 300, 400 and 600 working 1 
(Can be ipphed t i i iit vith rdequate 
deratit ) Tolerances 10 I 20°; 
Temp. range » to 125° C. BULLETIN 
GEC-98 


DRAWN-OVAL 


For air conditioning and relrigeration equip 
nent fluore ent imp ballast busine 
rachine oltage st zu Single or dua 
tion type Ratings 1 20 ul at 246-660 
Tolerance 10 Temp. range 40 te 
C. BULLETIN GEA 
Reg. trademark of Gener Elect ‘ y 


SEND COUPON BELOW for complete in 


formation about G-E capacitors 


General Electric Co 
Section R 442.25 | 
Schenectady 5, N. Y 


Please end pacitor t t 
hecked t “ 

GEA-499E GEC .809 
EA-5777 GEC-811 
FA-60¢ EC.987 
B0t F ‘ 

Name 

Position 

Company 

Address 

City Zone State 








rrent Motor 


KINAMATIC «a new standard 


in direct-current motors, 


gives your machines wider 


speed ranges, greater output 


To meet modern industrial needs for faster, more auto 
matic, more continuous production, General Electric has 
designed an entirely new direct-current motor the d-« 
Kinamati 


Designed for Automation Now, a direct-current motor 
has been designed for the modern job it has to do either 
as individual motor drive or in regulating systems. The 
new General Electric d-c Kinamatic motor supplies the 
wide speed range and versatility required for today’s 
manufacturing methods. It 1s designed for the close con 
trol of machines and split-second timing of processes 


essential to higher output 


Accelerated Production The new d-c Kinamatic motor 
will modernize your equipment, give it increased power, 
higher speeds, greater output capacity. With the quick 
acting G-E Kinamatic motor, your machines will process 
a greater variety of products faster easier 


and with less maintenance and spoilage 


More Powerful By combining advanced design with 
improved materials and manufacturing techniques 
General Electric engineers have packed more power into 
the entire Kinamatic line. The powerful Kinamatic motor, 
with new stamina and durability, is ready to become one 
of your most effective weapons for keeping costs down 
for meeting competition, for boosting productivity levels 
Engineering Help Industrial specialists in 149 con 
veniently located General Electric Apparatus Sales 
Offices have the complete story on how the new d- 
Kinamatic motors and generators can benefit you 
operation. For full details, contact your G-E Sales 
Representative, or write for Bulletin GEA-6355. Direct 
Current Motor and Generator Department, General 
Electric Company, Ernie, Pennsylvania. 


* Trade Mark of the General Electric Company 
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GENERAL @@ ELECTRIC 





Quick connections on this new 
G-E appliance rotary switch cut assembly costs 


2, 3 or 4 positions available in single size case 114” x 114” x 27 64” 


st of your assem tions. Complete adaptability to your 

ost for wiring connections with thi manufacturing practice is assured by the 

new G-E rotary switch for small appl fact that this new switch is available 
nee You just insert the ends of con with a choice of leads, pressure lock or 
ductors into an opening and they lock solder lugs for terminations. Snap-in 
in place—automatically. That's all there plastic handles can be supplied in a va 
with General Electriu exclu riety of colors. Upon special request 

sure lock feature die cast shafts will be made to take 

special handles furnished by the cu: 
tomer. Approved by Underwriters’ Lab 
: oratories, Inc., at a rating of 6A, 125V 


bility of application. S ior new ad AC only, on all version 
tent action gives positiy ositioning of FOR MORE INFORMATION on how thi: 


the cam switch can cut your assembly cost: 


a choice 


osition giving 


Che new enclosed nozzle- mounted rotary write Accessory Equipment Department 


witch has a spec ial Ss] lash-proof base General Electric (¢ ompany Bridgeport MAKE CONNECTIONS 
ce aaa WITHOUT SOLDERING 


for use under adverse weathe1 
Positive connections are made in a 


split second simply by inserting wire 


Progress /s Our Most Important Product ced iska dado dee cenaene 


connect can be made as quickly 


GENERAL @B ELECTRIC reer 
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If it’s valve service you want—immediate, off-the-shelf 
delivery —compare .. . and you'll buy Valvair. For we carry 
in stock one of the widest ranges of valves in the industry 
a type and size for virtually any application involving air, 
vacuum and hydraulic operation. 


If it’s valve performance you want, Valvair has it there, too. For 
example, users report that Speed King valves still delivering 
satisfactory performance after 25 million cycles. 


Check your valve requirements critically. Check performance 
requirements, features, materials, gu ntee, delivery —and 
you'll specify Valvair. And Valvair's stock shelf is almost as 
near as your telephone, Valvair Corporation, 454 Morgan Avenue, 


Akron 11, Ohio. 


AA 3244 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Nickel plated copper is just one of the many special wire 
composites developed by Sylvania to mect exacting 
wire requirements 


Sylvania Composite wire 
offers high conductivity at 


higher operating 
temperatures 


O YOU HAVE AN APPLICATION for to 150° C higher than copper. you want, Sylvania can custom plate 
D a high conducting wire that can Nickel plated copper is just one of wire in ranges from “‘flash’’ to 20% by 
withstand higher temperatures? If so, many special cold-drawn wires devel- weight in a wide range of materials and 
Sylvania’s nickel plated wire can offer oped by Sylvania. If your interests in- supply it in sizes from .250 to .002. 
the right solution, at the right price. clude other than magnet wire types, it Your custom wire can be clad, too, in 

Here is a wire which has conductivity will help you to know that Sylvania is justaboutany combination of materials. 
approximating that of copper, yet will one of the nation’s top custom platers 
withstand operating temperatures up of wire. Depending on the properties 


PARTS 


DIVISION §}) Th y ta 


metal special molded electronica 


Special Wire is an important phase of Sylvania’s 
unique service to product designers. For the com- 
plete story write for the Wire Facilities brochure. 
It’s included in Sylvania’s ‘‘Portfolio of 4-way 
service to designers.’’ Address Dept. F 18S. 


N R) SYLVANIA ELectric Propucts INc 
" 1740 Broadway, New York 19, N. Y 

Vv In Canada: Sylvania Electric (Canada) Ltd 
University Tower Bldg., Montreal 


LIGHTING + RADIO + TELEVISION + ELECTRONICS + ATOMIC ENERGY 


stamping wire Plastic parts 
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ARE YOU FAMILIAR WITH... 


epoxy-bonded 
silicone-bonded 
capacitor grade 


ISOM 


ICA 


...and all the many applications and benefits of these versatile 
electrical insulating materials? 


Enormous strides have been made in 
micaceous electrical insulation during 
the past few years—and MICO has been 
the leader in these developments. 


ISOMICA micaceous materials are 
100% pure mica, processed in continu- 
ous form, coated with newly developed 
binders, laminated and cured. The result 
is an entire system of electrical insulat 
ing materials which offers many advan 
tages. For example: 


Mail This Coupon NOW for Complete Information on ISOMICA 


MICA INSULATOR COMPANY 
789 Broadway, Schenectady 1, New York 


A Subsidiary of Minnesota Mining and Manufacturing Company 


CAKDS 


PRECEDING 


stacked and rolled capacitors, electrical 
machinery and equipment of many 
different types. 


more precise tolerances 

fewer line rejects 

faster, easier production handling 
production savings 

improved performance 


improved design possibilities 


and many special advantages in 


i 
| 
| 
| 
| 
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BACK COVE! 


MICA INSULATOR COMPANY 
Department 789, Schenectady, New York 


Please send me a free copy of “What 
Every User of Electrical Insulation Should 
Know About ISOMICA,’ 


Name 
Title 
Company 
Address 
City 


Zone State 
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Engineers Demanded It! 
Reynolds Invented It! 


REYNOLDS ALUMINUM 
TUBED SHEET One-Side-Flat 


ee 


FLAT SIDE 


(Patent Pending) 


i ee ee 


The exciting new material to complement 
your design and engineering skill 


Reynolds new Tubed Sheet One-Side-Flat is the 
only sheet with one flat side providing integral 
tubing in any parallel or non-parallel patterns no 
matter how complex! Tubed Sheet One-Side-Flat 
(two sheets of aluminum metallurgically bonded 
together so that the heat transfer passageways are 
in the sheet) is flat on one side and has the built-in 
tubing pattern on the other side. This amazing 
material routes gas or liquid wherever needed 
with greater freedom and greater efficiency and 
at lower costs. 
Like the original Reynolds Tubed Sheet that 
has its integral tubing pattern expanded on both 
sides and is widely used in the refrigeration indus- 
try, this exclusive new Reynolds development is 
exciting interest in the refrigeration and other 
industries because it promises even more advantages. 
For example, in refrigerator evaporators, 'Tubed 
Sheet One-Side-F lat permits direct contact of the 
flat side with food packages and ice cube trays 


thus speeding heat transfer, providing faster 
freezing. As a skin for aircraft, its flat side provides 
a smooth exterior and the entire sheet can be 
cooled through the integral tubing offering a 
possible solution to the “heat barrier’’ faced by 
supersonic planes. In radiant heating panels for 
buildings, its flat surface can be finished in a 
variety of decorative ways and used to face room 
interiors while hot water is circulating through the 
integral passageways on the other side of the sheet. 


Why not investigate Reynolds Tubed Sheet 
One-Side-Flat for application in your industry? 
Whether transportation, chemical, petroleum, 
construction, appliance or other industry, you'll 
find it an intriguing new material—for amazingly 
flexible heat transfer use or for other uses your 
ingenuity may devise. For details contact your 
nearest Reynolds Office or write direct. Reynolds 
Aluminum Fabricating Service, 2055 South Ninth 
Street, Louisville 1, Kentucky. 


See ‘'Frontier'', Reynolds exciting dramatic series, Sundays, NBC-TV 





Write for free 24-page "Catalog of 
Facilities". Get full details on the 


t endous duc facilities of 
eng Rana lI REYN i RIES gm vat M | N 1 M 


Service. 


REYNOLDS ax ALUMINUM 
FABRICATING SERVICE 


BLANKING « EMBOSSING « STAMPING * DRAWING ¢ RIVETING *« FORMING « IMPACT 
EXTRUDING ¢ ROLL SHAPING «© TUBE BENDING *© WELDING ¢« FINISHING 
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Flexloc thin nuts save space, 
weight and production time 


SPECIFICATIONS \ 
A 


FLEXLOC THIN NUTS 


wy _| tr 


NATIONAL COARSE THREAD—U.S.5 


WIDTH | WEIGHT PER 
ACROSS | 1000 NUTS 
CORNERS 


361 
397 
433 
505 
649 
127 
B44 
938 
1.01 
1.155 


1299 
1.516 
1.732 


NATIONAL FINE THREAD—S.A.E 


$12 5 361 
$44 4 197 
375 , 


Self-locking nuts are 30% lower 
and lighter; speed up assembly 
with hand or power tools 


Self-locking Fiextoc thin nuts are 30°7, lower than 
regular height locknuts of the same nominal diameter. 
They fit into spaces where regular height locknuts will 
not go. You can design lighter, more compact units 
with them. 

Where you must reduce weight in a completed as- 
sembly, you can save by using shorter bolts with these 
lighter nuts. And you save production time. The length 
of engagement of mating threads is shorter: fewer 
revolutions of hand wrenches or power nut runners 
are needed to seat them 

FLEXLOC nuts are of |-piece, all-metal construction. 
You can use a FLextoc fully seated as a locknut or at 
any point along a bolt as a stop nut. Once the threads 
in the resilient locking section are fully engaged, the 
FLEXLOC grips the mating threads with uniform locking 
torque wherever wrenching stops. Since there are no 
nonmetallic inserts to come out or deteriorate, the 
locking life of a FLExLoc is virtually unlimited 

Your authorized industrial distributor stocks FLEXLo« 
nuts in a variety of sizes, materials and finishes. Consult 
him for details. Or write us for information about your 
special locknut problem. Flexloc Locknut Division, 
STANDARD Pressep STEEL Co., Jenkintown 9, Pa. 


! 

| 
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REGULAR eee 


FLEXLOC thin nuts are 30% lower than regular height locknuts 
There is a corresponding saving in weight. In sizes through 
y in., thin FLEXLOCS meet tensile strength requirements for 
regular height locknuts. Fiextoc nuts can be made in the 
thin type because every thread, even those in the locking 
section, carries its full share of the load. There are no 
nonmetallic inserts to waste head space or weaken the 
structure of the nut, 


Standard FLEXLOC self-locking thin nuts are available in plain or 
cadmium plated alloy steel, for use in temperatures to 550°F ; 
in plain or silver plated corrosion resisting steel, for tempera- 


tures to 750°F; and in brass and aluminum, for temperatures 
to 250°F, 


STANDARD PRESSED STEEL CO. 


FLEXLOC LOCKNUT DIVISION ps 
JENKINTOWN PENNSYLVANIA 
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PROTECTION PLUS...YOURS WITH IRVINGTON 


flexible 


A doubly protective slot liner: Irvington 123 Passes — 
polyester film in a sandwich of woven glass! Mil-V-1137A Specification 


@ Now in stock for immediate quantity delivery—this triplex Class B with flying colors 


material is constructed of two sides of .005 yellow varnished woven glass, 


“sandwiching” .003 polyester film for tough mechanical protection. This 


@ This clear Internal Curing Baking 


glass-film-glass lamination not only shields against the iron laminate side Varnish with its excellent stability 


of the cell liner, but also acts as a safety barrier against pressure from and flexibility is another example of 
rough insertion of wire. High dielectric strength, good handling qualities 
and exceptional flexibility are features that make this an outstanding 


Class B slot liner. 


an Irvington product well suited to 
both governmental and commercial 
insulation requirements. Its other 
: : qualities include: excellent oilproof- 
And that’s only one of over 20 different stocked Irvington combinations | :' apts igh 
ness, good resistance to moisture anc 
of polyester film laminated with woven glass... kraft or rag...or asbestos . | ; ; 
° “ 9: chemicals, and outstanding penetra 
...in duplex or triplex combinations. All are “tops” in Class A and Class B 1 ad} ; - | 
: . : ‘ tion and adherence to underlying sur 
coated materials, bonded with special Irvington adhesives that effectively S 
; faces. Its thorough curing eliminates 
safeguard against delamination. You can count on Irvington for the new- ; 
danger of wet, sticky interiors. Write 
est and finest in quality controlled coated products. 


for full details 


ne IRVINGTON 


Varnished Tubings 
LOOK TO Varnished Cambric and Glass Cloth Silicone Rubber Coated Glass DIVISION 
IRVINGTON Silicone and PTFE Coated Giass Cloth Tapes 


c j Ny! Vinyl 
FOR: Varnished Papers, Silk, Rayon and Nylon Vernished Combric 
Laminated and Coated Silicone Coated Giess 


Slot Insulations insulating Varnishes 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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: ; r outqreu hia bike when he 
Mom died a thousand deaths when Junior 


ered HELIPOT * precision poten 
free-wheeled his two-wheeler down Deadman’s Hill. ers. If you're still riding in circles, 
no hands, yet! join Junior! You'll find that Helipot 
makes the most complete line linear 
Despite dire predictions, Junior grew up 


and non-linear in the wideat choice 


but he didn’t change a bit. of sizes, mounting styles and resistances 


that our engineers will gladly adapt 


True, he’s outgrown his bike... more complex 


standard models to your requireme nts... 
machines are his meat today. He’s designing industrial even design entirely new ones for you. 
For information and apecification 
indicators, recorders and computers... automatic wa ane ee 
2 : write for data file #02 
machine tools . .. six-figure process controllers 


Tomorrow, his dream of automation will come true 


ME e 
in the completely automatic factory LALIT Helipot 


Yes, Junior’s grown up, but his war-cry is the 
same... look mom, no hands!” 


ith Pasadena, Ca 





what are 
your bearing 
requirements ? 


A different demand or set of demands is made of bearings in every 
different product. Chief considerations may be: minimum noise level. . . 
corrosion resistance low unit Cost... wear resistance to oscillating or 
sliding motion... operation in presence of moisture... or others When 
considering a sintered metal bearing for your product, it is essential that 
you obtain the correct alloy. The wide range of GRAMIX alloys, together 
with the long experience of our engineering staff in working with bearing 


applications, assures you of getting the best possible bearing for your 
product 


THERE IS A GRAMIX 


(A PRODUCT OF POWDER METALLURGY) 


FOR YOUR 


Certainly, there is such a thing as a “general purpose’”’ 
sintered bearing alloy ...GRAMIX Grade 81 fills this role, 
and does it well. But there are also applications that demand 
special alloys, designed to do a specific job better. There is 
a wide range of GRAMIX alloys to meet every individual 
design consideration. Properties of these alloys vary widely: 
tensile strengths range from 8,600 psi to 25,000 psi 

clongations from 1% to 10%! Operating characteristics 
also vary For example, under conditions where there is 
minimum lubrication, GRAMIX Grade 183 (copper, tin, 
lead, nickel) is recommended. For heavy duty operation in 
a surplus of oil, GRAMIX Grade 307 (copper, tin, lead, 
carbon) is preferred. These few facts convey an idea of the 
wide design range of GRAMIX alloys. There is one that 


exactly fits your product 
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BEARING ALLOY 
DESIGN REQUIREMENTS 


ENGINEERING BULLETIN No. 18 


A NEW GRAMIX ENGINEERING BULLETIN TO HELP THE 
PRODUCT DESIGNER IN SPECIFYING SINTERED BEARINGS 


Product engineers who specify bearing materials will 
find Engineering Bulletin No. 18 of great help. It presents 
in concise form much of the knowledge we have accumu 
lated since 1924, when GRAMIX was first produced 


Design requirements, metallurgical considerations, and 


GRAMIX ie alloy selection are all discussed. A table of data on 
B E A R | N GS GRAMIX alloy composition and physical characteristics 


such as density, tensile strength, elongation, and radial 
crushing strength is included. The section devoted to 
selecting the right GRAMIX alloy to fit greatly differing 
product requirements is an ideally simplified guide to 
this complex subject. Write for your copy of Engineering 


Bulletin No. 18 today 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW, MICHIGAN 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER A9 





Emerson-Electric 


New, improved motor oiler 
assures positive, cleaner lubricati 


A new-style oiler is a special feature shaft. By maintaining pressure against Call on 
included on many Emerson-Electric the tongue, proper lubrication is as 


die-cast end-shield motors. It assures sured under all operating conditions Emerson-Electric 
positive internal lubricating—also 5 

econd, the spring holds the retaining _dri 
cup in place against the oil-well cap; motor drive 


this prevents dirt and foreign matter specialists 


As shown in the illustration, the new from entering through the opening in 


provides an added convenience in 
motor lubrication. 


oiler consists of three basic compo the cap. Recognized as a leader in equipment- 


nents—spring, retaining cup and oil In addition, lubrication is simplified drive motors for more than 60 years, 
well cap. The spring performs two Emerson-Electric specialists offer 
wide experience in all phases of 
motor-driven applications. You'll 
First, it presses against a felt tongue find their help valuable, whether 
which is part of the felt packing in This is another of many Emerson you's designing or re designing for 
performance and sales. Write for 


bulletin M-34. THE EMERSON 
through an opening in the sleeve bear tures that benefit designers and manu ELECTRIC MFG. CO..ST. LOUIS 


since pressure easily depresses the 


important functions retaining cup, permitting oil to flow 


readily into the felt packing 


the oil reservoir—the tongue extends Electric “‘highlight’’ engineering fea 


ing and makes direct contact with the facturers of motor-driven appliances 21, MISSOURI 


Zz <m) 


Fmerson- Electric e of St. Louis - Since 1890 


BRANCHES: NEW YORK 7, N.Y. 1] Park Place . CAGO 23 lé jlaski Road . SYRACUSE, N.Y Oakley Drive 
PHILADELPHIA (Secane), PA., 868 Quince Lane + DETROIT 7, MICH os E. Jefferson Ave. +» CLEVELAND 16, OHIO, 1580 Rockland Ave 
LOS ANGELES 42, CALIF., 5415 York Blvd . DAVENPORT, IOWA, 617 Brady Street ° CINCINNATI 11, OHIO, 2917 Ratterman Ave 
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Se shape ot things to 


come is often seen in the aluminum extru 
sions being made by Revere for the country’s 
manufacturing leaders. These are the c 


panies that know how great a difference ma 


exist between the design of a new shape on 


{ 
paper and che lelivery of 
Coe t< 


nec 


isitic 
Upp 
num Mill 
tube, ro 
bossed 
lrawn at 


ectrical cond 


Re 








For example, this lathe, equipped with 
two Bellows Fluid Power Units—performs 
four operations on the steel shells of oil 
seals. The fluid power method stepped up 
production 450% 





Here's a case where Fluid Power control 
enables one operator to turn out the work 


of four. He services two units like the one 
shown. The operation is a critical reaming 
job on the six chambers of a revolver 


cylinder 


I]t cost sou nothing to get the foru. S 


/ 


Write for youl COLO hook 


In Canada, Bellows Pneumatic Device 








Bul erin WI ; (dd ‘ Dept k M-656. 


{ anada Ltd Toronto 


afraid of 
AUTOMATION... 





..« because you think it’s too 


complicated and expensive? 


You don't need to be . 


You don’t need to invest heavily in special 
machinery — or build intricate robot production lines. 
For many of automation’s practical advantages 

can be realized with only nominal investments 

of time and money. 


Perhaps you don’t yet know how quickly and 
inexpensively Bellows fluid power work units can 

be used to convert your present machines to 
automatic operation. Or how economically they can 
be used to combine several operations in a single 
special-purpose machine, designed and built in 

your own plant 


‘These versatile, precision units combine air, 
hydraulic, and electrical components into one 
compact fluid power package. This complete-package 
design assures you 4 minimum of engineering 

and installation costs. 


In addition, The Bellows Company offers you 
through our staff of more than one hundred Field 
Kngineers- the technical know-how to put 

Fluid Power to profitable use in your own plant. 


1376-A 


The Bellows Co. 


AKRON 9, OHIO 








MYLAR provides improved insulation... 







HEART of fluorescent lighting systems, this G-E ballast 


now uses Du Pont Mylar’ polyester film to improve in 


G.E. reduces cost and weight by using 
Du Pont MYLAR’ in ballast 


General Electric selected “‘Mylar”’ as Because of the hot potting com possible superior performance in ca 
the insulating material for many of pounds, the insulating material had pacitors, coils, motors and a host of 

its fluorescent lamp ballasts. to resist heat and chemicals. Lastly other electrical products 
Reasons? First, they needed a it had to be thin and lightweight in Perhaps ‘““Mylar’’ can help you 
tough material with high dielectric order to provide compactness for re olve a knotty development problem 
strength. Next, it had to be easily ducing ballast space in fluorescent or improve product performance, For 
applied and economically feasible fixtures. more information on this unique poly 
‘This successful application is only ester film and its applications in your 
one of the many ways that versatile field, send in the coupon for a fact 
““Mylar’’, used alone or in combina filled booklet. Be sure to indicate the 
tion with other materials, is making type of application you have in mind 

"MYLAR Du Pont ‘ / ‘ hf 

a ala a nic isa Sei Ua boss alba ed al lad as oad ae ; 
kK. I. du Pont de Nemours & Co. (In { 
Film Dept., Roon Nemours Bldg., Wilmington 98, Del | 
DU PONT Teun ! 
7 polyester film a ible (ME-4 
Application 
MYLAR F& | 
Company | 
POLVESTER FILM ‘Aiiibieas | 
City State 





panel instruments... 


soo STOCK TYPES 


~~~ plus HUNDREDS MORE, custom-built 
from standing tools -¥- 















. TERS, WATIMETERS, GAL- 
VANOMETERS, VOLUME 


% Send us your special meter 
requirements today. Let our 
top-flight engineers work out 
solutions or make recommenda- 
tions best suited to your needs. 


 YUW } ) mye INSTRUMENTS THAT STAY ACCURATE 


YOUR ELECTRONIC PARTS DISTRIBUTOR 
HAS HUNDREDS IN STOCK! 








ee 


(A) NEW CORE TYPE—A superb new movement that is self shielded, (8) EXTERNAL MAGNET .TYPE—The magnet 
remarkably small and lightweight. Instruments now equipped with it is ti 

meet the various Military Specifications for Sealed and Ruggedized 
Meters. Shallow, medium, and deep sizes. 


$i 
i 





Shunts and Current = 
Transformers available Send for 
to your specifications. Technical Manual 17 RSa 
Ry 
] 





ELECTRIC COMPANY oy ere 
5200 West Kinzie St., Chicago 44, Ill. Phone: EStebrook 9-1121 “|i ae a 


In Canada: Bach-Simpson, Ltd., London, Ontario Dil Adi Labelled 











SPECIAL REPORTS ON 
FINISHING NON-FERROUS METALS 


NUMBER I—Decorative, 


Corrosion-Resistant Finishing 
with Iridite 


Chromate conversion coatings are well known and accepted 
throughout industry as an economical means of providing 
corrosion protection, a decorative finish or a good paint base 
for non-ferrous metals. However, continued developments are 
so rapid and widespread that many manufacturers may not 
be completely aware of the breadth of application of this type 
of finish. Hence, this digest of current information; to bring 
you up to date on the many ways in which you can combine 
salable appearance with durability in one finish at a com- 
petitive price advantage. Report II on paint base, corrosion- 
resistant finishes and Report III on chemically polished, 


corrosion-resistant finishes are available on request 


First, as a basis for this discussion, a ‘‘decorative’’ finish is 
considered as any chromate film that 1s used as a final finish 
in itself. It may be truly decorative in that its sole purpose 
is to enhance the beauty of the product. For example, a 
bright chrome-lke finish or a pleasing bronze appearance are 
among the many. effects that can be obtained. It may be 
functionally decorative in that it reduces reflectivity for 
camouflage purposes or provides a means of color-coding 
parts. But, in all cases, the Indite films protect the metal 


against corrosive attac k 


Iridite finishes are now available for all commercial forms of 
the more commonly used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, copper, brass and 
bronze. These films can produce a wide variety of pleasing 
appearance The basic colors of the Indite coatings are 
grouped below by metals 


ZINC and CADMIUM: Metallic bright, light iridescent, 


iridescent yellow, bronze, olive drab. 
COPPER, BRASS, BRONZE: Metallic bright, yellow. 

ALUMINUM ALLOYS: Clear, iridescent yellow, brown. 
MAGNESIUM ALLOYS: Metalli 


yvellow-red, brown 


bright, iridescent 


SILVER: Metallic bright. 


In addition, many films can be modified by bleaching or by 
dyeing. Among the dye colors available are various shades of 
red yellow, green, blue ol blac k 


Depending upon the metal and the Iridite used, corrosion 
resistance of clear and bright films ranges from mild passivity 
to as high as 500 hours in salt-spray; on heavier dark films, 
salt-spray resistance ranges from approximately 100 to 1000 


urs 


It is this combination of decorative and corrosion resistant 
properties that accounts for the widening use of Iridite finishes 
For example, Indites +-73 and +-75 (Cast-Zinc-Brite) 
make possible for the first time, a combination of lustrous 
chemical polishing of the as-cast surface of zinc die castings 
i Further, in n 


and good resistance to corrosion lany Cases, 


ob 


® 
WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line 
of chromate conversion finishes. They are generally 
applied by dip, some by brush or spray, at or near 
room temperature, with automatic equipment or 
manual finishing facilities. During application, a 
chemical reaction occurs that produces a thin (.00002” 
max.) gel-like, complex chromate film of a non- 
porous nature on the surface of the metal. This film 
is an integral part of the metal itself, thus cannot 
flake, chip or peel. No special equipment, exhaust 
systems or specially trained personnel are required. 


sizeable savings in the cost of buffing and electroplating are 
realized. 


On many steel parts, a simple system of zinc or cadmium 
plate and bright Iridite is used instead of more costly electro 
plated finishes to provide a bright, decorative and protective 


finish with tremendous savings in material, equipment and 
labor 


In finishing aluminum, where corrosion resistance or paint 
adherence is the prime consideration, the aircraft industry 
has all but abandoned the anodizing process in favor of 
recently developed chromate conversion coatings, among them 
Iridite #14 and #14-2 (Al-Coat). These formulations and 
their method of application can be varied to retain the original 
metallic appearance while providing acceptable corrosion re- 
sistance, or to produce a fully colored brown finish that 
offers exceptional corrosion protection. Again, time and man- 
power savings are astounding—one company saved at least 
$15,000 a year on maintenance of racks alone and another 
$40,000 on materials and labor in only nine months. In addi- 
tion, of course, hundreds of thousands of dollars are saved by 
eliminating the need for expenditures for generators, heating 
equipment and racks 


Iridites are widely approved under both Armed Services and 
industrial specifications because of performance, low cost and 
savings of materials and equipment 


In planning or designing, you should consider the many other 
characteristics of Iridite finishes which may enter into the 
specific problem. In addition to having decorative and pro 
tective functions, these chromate coatings form an excellent 
base for organic finishes and bonding compounds. They have 
low electrical resistance. Some can be soldered and welded 
The Iridite film itself does not affect the dimensional stability 
of close tolerance parts 


You can see then, that with the many factors to be con 
sidered, selection of the Iridite best suited to your product 
requires the services of a specialist. That’s why Allied main 
tains a staff of competent Field Engineers—to help you 
select the Irdite to make your installation most efficient in 
improving the quality of your product. You'll find your 
Alhed Field Engineer listed under ‘Plating Supplies” in your 
classified telephone book. Or, write direct and tell 
problem. Complete literature 


your 
and data, as well as sample 
part processing, is available. Allied Research Products, Inc 
4004-06 E. Monument Street, Baltimore 5, Maryland 
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Now- 


from the makers 


of precision 


aircraft switches... ee. 
ee ee amma: ene 
LONGER LIFE ‘ 


(150,000 operations, elec. and mech.) 


DIRECT INTERCHANGEABILITY 


(Meets AN 3234 Specifications) SERIES F2 BASIC SWITCH 


ACCURATE REPEATABILITY 2-3: Sage (a 
F2-2: Single Pole, Normally Open 
LOW COST 


F2-1: Single Pole, Normally Closed 


The new Electro-Snap F2 Series snap action 
switches are extra-compact with extremely high 
electrical capacity for their size. Mechanical and 
electrical life at 1/32” overtravel is 150,000 op- 
erations, minimum, with accurate repeatability 
and constant stability of tolerances. Self-aligning 


Durable case of special plastic gives the 
springs provide contact wiping action rare in a 


switch an ambient temperature rating of 
switch of this size. —100° to +275° F.* Available, at low 
Write for Data Sheet FD-6 cost, in three basic models with a wide 


selection of actuators. 
ELECTRO-SNAP 


SWITCH AND MFG. CO. 


4238 West Lake Street, Chicago 24, Illinois 


*Available with ~- 100° +-350° rating 


OPERATING CHARACTERISTICS TOP VIEW 
Electrical Rating: 
10 AMPS; IND. -+ RES. 
30 V.D.C. 110/250 V.A.C. 
(RATING FOR AIRBORNE APPLICATION; = —_ 150 
6 AMP 30 V.D.C. INDUC.) . j nie 
1 we 
Operating Force 7 to 12 o2, 
Reset Force 4 oz. Min 
Pretravel me 3/64 Max. 
Movement Differential 011 = .005 
Overtravel ‘ i ; .. 1/32 Min 


(3) 4-40 RouND HEAD 
SCREWS & LOCKWASHERS 


MODERN DESIGN 
IN A COMPLETE LINE 


OF SWITCHES ate 
SUB-MINIATURE MULTI-POLE ONE-WAY LIMIT HERMETICALLY -SEALED 
SWITCH SWITCHES SWITCH LIMIT SWITCHES 
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>.  ALLIS-CHALMERS 
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Control Problem? 


As MANUFACTURERS Of a large and diversi- 
~~ fied line of major industrial equipment, 
Allis-Chalmers has been called upon to 
solve thousands of control application 
problems in practically every industry. 
This specialized experience in coordinating 
power utilization is yours when you specify 
Allis-Chalmers control. 

Control for every ac application 
Allis-Chalmers offers an extensive line of 
manual and magnetic control to meet 
every condition of motor operation. Con- 
trol functions, varying with specific job 


requirements, include full or reduced volt- 
age starting, acceleration, speed control, 
reversing or non-reversing, and dynamic 
braking. 

Custom protection 

Built into all Allis-Chalmers control is the 
type and degree of protection dictated by 
the application. Controls are available in 
general purpose and special cabinet, in- 
cluding water-tight, dust-tight and explo- 
sion-proof enclosures. AA5i¢ 


For complete information on any specific control 


pl Ol rl ih 


= it = 
F S 
F wve sera SS 


“Cormac 


, call your nearby Allis-Chalmers represent- 
ative or write Allis-Chalmers, Milwaukee 1, Wis. 


ALLIS-CHALMERS 
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USS 
ELECTRICA 


| STEEL SHEETS 


more now. and 


—a" GET COMPLETE INFORMATION — MAIL THIS COUPON == 


United States Steel 


The electrical industry has been expanding 
at a furious clip, and improving its prod 
ucts, year after year. United States Steel, 
recognizing this growth, is expanding facil- 
ities for production of electrical steels. In 
addition, continuous research has im 
proved the quality of these special steels 
Asa result, we are better able to meet your 
requirements 


Send the coupon for further information 


IT 
l 
| 
| 
! 
| 
l 
I 
| 
| 
| 
l 


Room 5276, 525 William Penn Place 
Pittsburgh 30, Pa 


Send my free copy of the new Fourth Edition of ‘USS 
Electrical Steel Sheets'' which contains detailed curves 
and data on magnetic and physical properties of the 


individual grades 
Name 
Firm 
Address 
City 


State 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO TEWNESSEE COAL & IRON DIVISION 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


on USS Electrical Steel Sheets. Or call our sasmnntn. oth 
nearest sales office 


Te ee ee ee a ae a 





“Most Important Contribution 
to Lower Transformer Costs 
in Twenty-Five Years,” 


reports George Pappas, Chief Engineer, 
N. Y. Transformer Co., Inc., 
Alpha, N. J 


“During my twenty-five years of ex 

perience with radio and TV trans 

formers, | have found no cost-cutting contribution that 
can equal General Electric’s new Permafil 73515. With 
this new insulating varnish, we at N. Y. Transformer 
have been able to pioneer special impregnating tech 
niques which reduce lamination weight 25%, copper 


weight 15%, and cut cure times in half.” 


G-E Permafil insulating varnish makes possible 
substantial savings in materials, weight, cure times 


General Electric Permafil 73515 = varnish permits the operation of insu bakes. This means faster, more econom 
offers many advantages to the electrical lated structures at higher ratings than ical produc tion and increased oven 


manufacturer looking for ways to re are po sible with conventional var capacities as well 
‘ ce costs Used o trans! ner ¢ vil snes Co erse t 1 ts the c ° ° 
lu t 1 on i 1 i nish nversely, i permi he Many applications: a 
for example it vields void-free insula tention of ratings while ichieving . 

purpose resin for insulating coil struc 
tion that eliminates corona, increases ignificant reductions in the size and 
tures by impregnation, casting, potting 
heat dissipation ind provides relatively weight of electrical equipment—saving 


| 


or encapsulation this low-vi cosity 
con tant power factor over a wide range lamination weight copper! and other 


polye ster 1s suggested for use on vibrat 
of voltages and temperatures component metals : 

, ing power tool coils. FHI stators. trans 
Saves metal: The superior heat dissi Cuts cure times: Offering a fast cure formers and magnet coils. Check coupon 


pation of Permafil 73515 insulating time, G-E Permafil permits shorter oven tor technical report! 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 





lInsilation Neus 3 


...with General Electric insulation 


Facts you should know about 


modern mica insulation 


G-E Mica Mat offers all the perma power factor. G-E Mica Mat prod 
nence and stability of mica plus new ucts 


include tapes and wrappers, 
flexibility and handling ease. Com 


composite sheets, segments. If you 
posed of countless tiny mica plate have not yet re 
lets in continuous sheet form, it is quested your free 
easier to wrap and more uniform copy of the G-E Mica 

: than conventional pasted mica. Void Mat booklet, just 

Generator coils wound with flexible, free, it offers excellent dielectric check 


void-free G-E Mica Mat tape strength, corona resistance 


and mail the 


low coupon below! 


Handy chart aids you G-E Irrathene” tape dielectrics reduce 
in varnish selection size, permit higher temperatures in 
To simplify the selection of insulat high-frequency capacitors 
ing varnishes, General Electric has 


prepared a handy How to Select” Used as a dielectric in high-fre 
chart, available free to electrical quency capacitors G-E Irrathene 
manufacturers. Listing the various tapes achieve significant reductions 
grades of G.E.’s well-known 9700 in capacitor size and permit opera 
series. it tells how to choose them tion at higher temperatures These 
according to viscosity and cure time irradiated polyethylene tapes im 


requirements Deep curing G KE prove the performance oft trans 


\ varnishes are dis formers wire and cable and elec 


tinguished by high trical motors by offering high corona 


; si 
dielectric strength, tarting voltage, low corona intensity 7 “ 
excellent hot and cold excellent oltage endurance high H 

vy} Ny bonding strength dielectric strength and good insula Y y . 

oe outstanding chemical tion resistance, Where can you us / } 

—— resistance, Check these new insulating tapes? Check ‘ 


\ 
o_o coupon for free chart coupon tor more information 


‘ » 
- 


é 
% 
a 


Corson Electric Mfg Corp 
PECHNICAL SERVICE AVAILABLE 


Technical service on insulation problems is readily 
available from General Electric’s nation-wide sales General Electric Company 

offices. For more information on any of the G-E in Laminated & Insulating Products Department 
sulating produc ts described on these pag S, just fill in Section EM 6-6, Coshocton, Ohio 


and mail the coupon 


(,-k 9700 varnishe 


Irrathene® tape 


INSULATING VARNISHES+« IRRATHENE® IRRADIATED 
POLYETHYLENE « SEALING AND FILLING COMPOUNDS 
G-E MICA MAT+VARNISHED CLOTH AND TAPES 
PERMAFIL RESINS + SILICONE INSULATION 


LKVICE CARDS, PRECEDING BACK COVER 





Right — Testing the resistance change of Allen- 
Bradley fixed resistors after 113 hour, 95% 


humidity test 


The results are then plotted on 


the graph shown below. 


Below— Allen-Bradley fixed molded resistors 


are available in 4 sizes— 1! 
l-watt, 


wort, 


10-watt, 1/2- 


and 2-watt. In all standard 


RETMA resistance values. 


RADIO, 


62 


or oe” 


Allen-Bradley resistors have the greatest 
uniformity in mechanical size, shape, and 
electrical characteristics of any electronic 
component manufactured. 

As a function of Quality Control, Allen- 
Bradley continuously samples its resistor 
production, running tests on each character- 
istic to verify uniformity and consistency of 
the production. 


Allen-Bradley Co., 1309 S. First St 
Milwaukee 4, Wis. 


UNIFORMITY OF 


ALLEN-BRADLEY RESISTORS 
IS THE KEYNOTE OF THEIR QUALITY 


Graph shows production sampling of over 
100 million resistors showing the small de- 
viation in the resistance change character- 
istic in a humidity test conducted at 95%, 
55°C for 113 hours. Such a phenominally 
low deviation over such a large quantity of 
production is the reason that Allen-Bradley 
fixed resistors are the standard of the elec- 
tronic industry—where quality counts! 


In Canada— 
Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLEY 


ELECTRONIC AND 


TELEVISION 





COMPONENTS 


tHis new DIEHL 


red (ll 


j 


/ 


LY 
. a new low in total functional error for a Size 11 Resolver—0.05°%! 
An entirely new design concept permits complete machine-winding of the 


units, with resulting high uniformity of product and performance 


Other novel design features enable the resolver to withstand 


altitudes of 70,000 feet without pressurization. 


CLASS | SPECIFICATIONS There are three types with high impedance, pet 


mitting the primary to be excited with 110 volts at 
YT T 1 . 
DIEHL NUMBERS BIIRI-1 | BIIRI-S | BIIRI-6 REMARKS 4100 cycles with low impedance, when higher 
| ' 
‘ . a frequency response is desirable ind compensator 
low High Compensotor | wound for temperature and frequency variations 
Iimpedonce Impedance Wound a 

These types are ytainable, with 2 input and 
Toto! Functional Error | 005% 005% { 2 output windin in either Class I De sign with 0.05% 
ae ; maximum total functional error or Class II Design 
t 10% on ohms > 
2° on ongies with a maximum error of 0.10° , where less accuracy is 
A } tolerable and lower cost is desired 


input Impedance (ohms ro 0780 
| 


| Effective Resistance ‘ohms) 3000 when resonated 


\ } j All resolvers I qui ( vith 


, / +002 on ratio Mating plus 
Tronstormation Ratio iC 975/ 6 ( ( 75 ” | F 


t | on ongle 


pin-type terminal: 


for convenient connection 
r 


to computer 
Mox. Null Voltage 


e 5 ce ] ¢ er , Ar 
) | Quodrature Take a look a ] ; pecifications. Note the 
im. v./volt input) 


new opportunities y Offer to satisfy unusual 
r -_ 7 
5 nated 1. 
Weight (ounces ; ; appli ation needs 
1 j 


4 


Patents Pending 


Ali meosuted data above token of stondord test voltage of 


Cose ond shott wpplied with reference morkers 
other available components 
A.C. SERVOMOTORS * A.C. SERVOMOTORS WITH A.C. TACHOMETERS * A.C. SERVOMOTORS WITH D.C. TACHOMETERS 
A.C. AND D.C. TACHOMETERS * D.C. SERVO SETS * RESOLVERS 


DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING CO. 
Finderne Plant SOMERVILLE, N.J. 





DESIGNING HEAT INTO YOUR PRODUCT? 


G-E Heaters Can Be Formed to Your Exact Design; 
Big Selection Saves You Design and Production Time 


SIMPLIFIED DESIGN 

tallation benefit maker 
tester vho chose sturd 
G-E tubula 


heater 


HEATING SURFACES 


FLEXIBLE BUT RUGGED G-E tubu 
lar heaters are chosen b tire 
manufacturer after test 


Other makes broke when 


retreader 


formed 


HEATING PROCESS AIR 


- hf 


RAPID INSTALLATION is) on 
benefit f uncomplicated desig 
Designer used straight-length tu 


bular heaters nm pre heat en 


Section C723-9, General Electric Company, 


Schenectady 5, N. Y 
Name 

Company 

Street 


City State 


SPACE LIMITATION easily overcome with 
ral Electric tub ilar heaters, 
be formed readily t 
vithout 


Gen which can 
) practically any shape 
of breaking 


danger! 


Ps 


GENERAL ELECTRIC tubular heaters bend easi 
ly to the 
Heaters are inserted into grooves in 


curved shape of tire retreader 
heating 


plate to gain maximum heat transfet 


COMPACT DESIGN of pre-heat oven 1s pe ssible 
with inside-mounted General Electric tubular 
heaters, which replaced outside, t } mounted 


heaters formerly used 


G-E TUBULAR HEATERS 
tester use 
need only 
imens, and turn on 


simplify 
To begin test, operator 
plug in tester, load spec 
switch 


EXACT HEAT required for top 
quality retreading of huge truck 
tires is achieved with high-efficiency 


' 
General Electric heaters 


UNIFORM HEAT throughout ov 
combines radiation and con. 
since tubular heaters are 


inside oven chamber itself 





FREE 


60 page Catak x 
heating devices lescribes 
hely 


ful application data. GEC 


f General Electric 
full line 


heater 


Also prov 


1005G 


GENERAL @@ ELECTRIC 
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When you have automation on this scale 


your electrical circuits can’t tail 


| | KE, signals pulsing through 7 
miles of Rome Synthinol® Ma 
Tool Wire control 555 


chine auto 


mati 


operations Its a 350-foot 


s Less 


Cross Transter-matic automation 


line, designed and built by The 


Cross Company of Detroit 
Operations are automatically pe 

V-8 cylinder block at 

station. ( blocks are 

loaded and unloaded at 


the other end 
104 blocks 


formed on the 
each vlinder 
at one end 
Controls that keep 
In proce imultaneou 


through the 


ly come 5-foot panel 
100 cylinder blocks an 
at LOOY efficiency 

Small 


other 


Production 
hour 
that like 


must be 


wonder wiring 


every component 


chosen curett 
control 
would be 
Synthinol Ma 
trol Wire is nu 


tinh 


ipplication 
insulation pe 
heat, fl 
and cutt 
trouble-f 
Cross 


resist 
oil 
long 
hie 
well 


be too 


satisfied \ 
Write 


pe ( i fic ation 


circuit 


ctltie 


illy | ven one minor 


breakdown a day 


thinkable Sut 
lool 
for these 


Rome 
chine and Con 


ice ' critical 


Its polyvinyl chloride 
cl ills 


compounded to 
moisture, acids 
ing solution issures 
ree circuit life 


has 


Company been 


vith Rome you will 


today detailed 


for 


or ecnyvinecring help 


ROME dn 


to Buy thee Be st 


Os 
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How flange surface 


conditions affect 
gasket compression 





Some manufacturing processes deposit grease o1 oil 
on flange surfaces—others leave these  surtaces 
moothly finished, Naturally, under such varying 
conditions, certain types of gaskets may show unex 
pee ted load compression characteristics 

Non compressible rubber materials for mstance 
slip badly on greasy or smooth surfaces. Thus grease 
cutting oils, or a wet gasket cement can upset load 
calculations based on dry rubber placed between 
clean, non-skid plates. Compressible materials, how 
ever, are much le aflected by slick conditions on 
Hange surtace 

Figures | and 2 show the comparative behavior of 
four different resilient materials under different sur 


face conditions 


rubber gaskets 


The first of these material: Armstrong DQO-176 


| al traight neoprene compound It PeQuUuires 


of over 2 S500 psi for 25 per cent compre ion 


LOAD FOR 25% COMPRESSION 


Beiween silicon corbide surfoces E | 


Betwoen cold rolled stee! plotes 2 


: 


oo9 we eetee 
=* a 


LOAD (pownds per saqvore inch) 


o 


: el lela 
Co Ce 
00.176 


9530 
STRAIGHT NEOPRENE CORK COMPOSITION 


when gripped between rough ceramic surfaces. Be 
tween cold rolled steel plates coated with petrola 
tum, the load re cyuuare d tor the same deflection drops 
below 250 pounds Even without a lubricant, skid 
on smooth steel surfaces reduces the load required 


to slightly more than 600 pounds 
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cork composition 


With cork composition, a truly compressible ma 
terial, varying surface conditions have little effect 
As shown in Figure 1, Armstrong 9530 Cork Com 
position compresses 25 per cent with nearly the sam 
load on a greasy surface as on a rough. dry surface 


Maximum load variation is only about 3 pounds 


cork-and-rubber 


By combining cork and rubber in varying amounts 
compositions can be made whose behavior on slick 
surfaces falls between that of straight cork and that 
of straight rubber. Armstrong DC-LOO. for example 


LOAD FOR 25% COMPRESSION 


LOAD (pounds per squore inch) 


poc-118 , 
CORK-NEOPRENE 


CORK NEOPRENE 
is a neoprene composition with a high cork content 
\s shown in Figure 2, load for 25 per cent compre 
sion on a greasy surface (160 psi) is only slightly less 
than on a rough surface (200 psi). On plain rolled 
stee| plate S, no slippage at all is evident 

Armstrong DC-11S8 (Fig. 2), on the other hand 
tains relatively little cork. Load for 


con 
25 per cent com 
pression drops trom about 1,300 pound on rough 
surtaces to 600 pounds for smooth steel plates Phe 
same plates coated with petrolatum further reduce 
load to about 300 pounds. Other Armstrong cork 
and-rubber compounds produce intermediate ce 


vrees of compressibility to meet particular needs 


SEND FOR 24-PAGE GASKET DESIGN MANUAL 


Youll find other useful information on Bt 
the design and use of gaskets in the neu 
Armistron Gasket Design Manual. Write 
r your opy t Armstrong Cork Com 
pany, Industrial Division. 7106 Ingersol 
Street, Lancaster, Pennsylvania. For in 


formation n all Armstrong Casket 
Material ce Sweet 


/ 


» product design 


Armstrong 
GASKET MATERIALS 


used wherever performance counts 
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. 
Construction —Printed circuit terminals are designed 


with snap-in feature which holds relay in printed circuit 
board without lugging prior to solder dip. 


OTHER VERSIONS 


Other versions of MS relay available with standard solder 
type terminals and insulating base, where required. Also 
with 4 N.O. isolated circuits having common make. 


While not yet in production, extra-sensitive version has 
been developed. Maximum coil resistance 18,000 ohms, 


nominal sensitivity .040 watt, maximum sensitivity .020 SOLDER TERMINALS 


A teckatad clomdiaust INSULATED BASE 
watt, overall height 1-9/16". All other details same as commonmakecontact, Solder terminals mounted EXTRA SENSITIVE 
standard MS relay. insulating base VERSION 


. . ¥ 
Application- Type MS is an ideal relay for any : esc chet ecellcs a 


application requiring a compact, highly reliable single pole Miniature Sensitive Relay 
Specific ations 


D. C. device, where a low cost solution is required because Type MS 


of volume usage and competitive problems. Contact Form S. P.D.T. 


The fact that industry has already used over a million Contact Rating can. 98 WIE aeaaednien 
units of this design is your assurance that the R-B-M Type 
MS relay will meet your most exacting requirements Coil Resistance Up to 10,000 ohms 
Contacts used in Type MS are of the cross bar type, which Nominal Sensitivity (Coil Input) 060 Watt 
offer the ultimate in reliability throughout the life of the 
relay. Molded bobbin design has eliminated coil failure . , 
on sensitive applications under severe climatic conditions. L_ Approx. Dimensions fo x Kon Vm 


Maximum Sensitivity 040 Watt 


Send for Descriptive Bulletin MS-1 


RBM DIVISION 


ESSEX WIRE CORPORATION, Logansport, Indiana 


OTHER PRODUCTS 


CAKDS, PRECEDING BAL 





Welsboch High Pressure 
Service Gas Valve with 
Revere Arsenical 
Bronze Stem 


>< aa . 
se py 
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e REVERE 


_—— 


Deep-Drilling Brass Rod 


Increases Tool Life over 
200% for Welsbach 
Why not try it yourself? 


In the manufacture of valves the Kitson Division of The Welsbach 
Corporation, Philadelphia, Pa., has to deep-drill brass rod. Originally 
the rod was free-machining brass. However, when Revere discovered 
the extent of the drilling it was suggested that our Mixture 252, 
Deep-Drilling Brass, would be preferable. This was tried, and the 
machine shop foreman reported that tool life was increased over 
200%. In one item it is possible to bore with a single operation, 
against the former practice of withdrawing the drill three times in 


order to clear the chips. Revere’s Deep-Drilling brass produces 
very small, easily cleared chips. 


Another item is a high pressure gas valve, with a cast body and 
brass rod stem. The rod was changed to arsenical bronze, which 
costs a bit more, but it ended flaking and galling between stem and 
seat, and materially reduced rejects. Still another instance of Revere 
service Concerns a hot water heater relief valve. The original model 
was cut out of bar stock. We suggested a high leaded brass tube, 
hexagon outside, round inside. This greatly reduces machining, has 


a better surface, and a better seat. Costs more by the pound, but 
saves more by the piece. 


Revere salesmen and Technical Advisors are always glad to 


collaborate in seeking ways to save money and improve products. 
Perhaps we can help you! 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
Mills: Baltimore, Md.; Brooklyn, N. Y.; Chicago, Clinton and Jeliet, UL; 
Detroit, Mich.; Los Angeles and Riverside, Calif.; New Bedford, Mass.; 
Newport, Ark.; Rome, N. Y. Sales Offices in Principal Cities, Distribu- 


tors Lverywhere 


Welsbach Temperature- 
Pressure Relief Valve 


Welsbach Emergency Gos 


Pressure Relief Valve 
Shut-Off Valve, avtomatic 


for water heaters. 
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@ Manutacturing @@ Manufacturing ang product development @@@ Manutacturing, product development and research OBS Piiot manufacturing, product development and researc® 


i 


> ap Ci UW 


Librascope Desk-Size Computer 


4 GPL Industrial-institutional TV System 


Link Aviation 
F-890 jet Simulator 


xii) GPE CAPACITIES 
Precision Mechanics, Optical Devices, Ceramics 
Electrical Equipment and Components 
Electronics 
Hydraulics, Liquids Processing, Heat Exchange 
Television: Studio, Theatre, Business, Institutional, industrial 
instruments, Servos, Controls: Hydraulic, Pneumatic, Magnetic, Electronic 
Aircraft and Missile Guidance, Control, Simulation 
Automatic Computers and Components 
Radar, Microwave, Ultrasonics 


Motion Picture and Audio Equipment 


Nuclear Power Components and Controls 


SYSTEMS ENGINEERING 


Askania Electro-Jjet 
Power Package 


Griscom-Russell 
Shipboard Distilling Plant 


SYSTEMS ENGINEERING 


Lhe GPE Compan 


American industry which is 


are leaders in that small, select group in 
broadly qualified to develop and 
produce the systems needed today for defense and industr 
GPE leadership accounts for some of the most advanced sys 
tcms im use in business, television, aviation, marine, stecl, oil, 
and other industrial fields. 

In Systems Engineering, highly advanced capacities and 
resources are prerequisite. Yet, no matter how highly advanced 
they are of little use if limited to a few areas. Finding optimum 
solutions to complex systems problems calls for balanced com 
And beyond that, succe calls for the consistent 


application of such competences at every stage 


petences 
beginning 
with research, and extending all the way through development, 
production and final testing 

No GPE company is limited by the boundaries of its own 
pecialties Lhe basic GPI operating polic v, GPE Coordinated 


Precision ‘Technolog. place it the command of each « ompany 


lopment and production 


in the group all GPE. research, dev | | 


GENERAL 


THE GPE 
PRODUCING 
COMPANIES 


PRECISION 


@ KearForT COMPANY, INC 


@ SHAND AND JURS CO 


READER INOUIRY SERVICE CARDS, PRECEDING BACK COVER 


EQUIPMENT 


@ INTERNATIONAL PROJECTOR CORPORATION 
@ GENERAL PRECISION LABORATORY INCORPORATED QTHE GRISCOM-RUSSELL COMPANY Q@LINK AVIATION, INC 

QD THE HERTNER ELECTRIC COMPANY QTHE STRONG ELECTRIC CORPORATION 

@ |. & McAULEY MFG. CO. QJASKANIA REGULATOR COMPANY (Q)AMPRO CORPORATION (QD LIBRASCOPE, INCORPORATED 


facilities, and the skills and 


GPE technical men working m depth im the wide range of 


xpenience of the more than 2 


) 


idvanced « ipacitics md ited in the chart above 

Behind each group working on a specifi proble m im one 
GPE company st inds the whole group of GPI 
neers and technicians with the answer or the knowledge 


that will find the answer 


cientists, engi 


to question underlying and related 
of GPI 


means that the concept and development of equipment, com 


to that probl m. lo the customer Compan thi 
ponent and systems are not restricted or distorted by traditional 
illegiance to pecific competence 


Ihe five system 


GPI compan ir Ul example 


of different 
of the consistent application 


illustrated, while product 


of balanced competence icheved through GPE coordination 
lor brochure descnbing GP Coordinated Precision ‘Vech 


nology and the rk of the GPI Compan OF help on a 


pecifi problem, wr neral Precision | quipment Corpora 


. ‘ Kr 
tion, g2 Gold Street ‘ Y orh . ah 


CORPORATION 


@ BLUOWORTH MARINE 





street light ocket 


with intricate angular 


molded of 


Threaded brass 
inserts molded 
right in for 
easy assembly 


NOW YOU CAN SPECIFY G-E MYCALEX for 
intricate electrical and electronic com- 
ponents! This street-light socket, for 
example, shows how General Electric’s 
Plastics Department molds this high-dielec- 
tric insulating material into truly complex 
shapes, Note the angular cut-offs — how 
inserts are molded right in! Using G-E 
mycalex rather than more costly conven- 
tional materials, the customer was able to 
obtain this part at a considerable reduction 


{% eae 


Pld. GENERAL &Q) 


in cost. Additional savings were also made 
possible through the molded-in inserts and 
closer tolerances for faster assembly! 


How can G-E mycalex improve your 
product? For today’s trend toward higher 
operating temperatures and frequencies, 
G-E mycalex provides a unique combina- 
tion of thermal stability, high arc resistance, 
high mechanical strength, low loss factor. 
Recent developments in G-E mycalex fab- 
rication may help you achieve advanced 
designs or realize substantial improvements 
in your electrical or electronic products. 


Progress /s Our Most /mportant Prodvet 





ELECTRIC 


Ze 
© Bring wiring caine 
diagrame to hfe! 


i slain 
VINYL CLOTH 


All- Temperature 


COLOR CODE 


Wire Markers 


1%" F B 
Two Stock 
Lengtha 
%" 


Fiame-Proof 


ALUMINUM FOIL 


Wire Markers 
1” ity 45 


Quick, low-cost in "5 Two Soc 


wire identification sy 


tells which wire goes where! 


Oil-Proof 


EXPOXY RESIN 


HOODY eerma-cove w,, 


WIRE MARKERS A se 


Speed Assembly 

You end guesswork, ringing out, with positive 
around-the-wire identification. Self-sticking, fast to 
apply no tools needed 


Self-Sticking 
insure Proper installation WIRING DIAGRAMS 


Marking every line, load, circuit and terminal 
lead insures and speeds proper installation of 


your electrical system 


Reduce Maintenance Time 
Marked wires allow electrician to get at source 
of trouble quickly. Down time for repair or 


trouble shooting reduced to minimum 
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Whether your wires are marked on the 
production fine... during bench assembly or 


sub-assembly ...on the erection floor — use 


fimyi Cloth Wir« 
Marker: 


The general-purpose Wire Marker for fast production 
correct installation, and low-cost maintenance. With 
stand temperatures up to 300°F. Black numbers, letters 
and symbols on white Vinyl Cloth for greatest legibility 


Sand for FREE working samples 
/»® 


Color-Code 
Wire Markers 
Give you TWO-WAY 


identification on each wire 
Now you can mark your wires with both 
color and number 


Time and temperature change colored 
wires—but the numbers on Brady Color 
Code Wire Markers remain legible. Avail 
able with white numbers on backgrounds 


of standard NEMA colors 
Sand for FREE working samples 


IRAIDIY 
AULA ' SELF-STICKING INDUSTRIAL PRODUCTS 


NEW! 


riame-Proot Full-Soft 
Aturminurmn Foil 
Wire Markers 


Stick and stay stuck at temperatures 
as high as 350° F. / 


The first self-sticking metal Wire Marker you can apply at 
production-line speed. No tools needed. Replaces steel, brass, 
and zine “pigeon bands” and slip-on tags—at much lower cost 

Special Brady full-soft foil bends easily —hugs wires snugly 
in elevated temperatures, oils, most solvents. Non-corrosive 
For use where conductivity is not a factor 


avr 

wey snr 

ence 
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NEW! 


Epoxy Resin Wire 
Markers 


O//-immersed transformer leads permanently 
identified for first time 


Newest in the family of Brady 

Perma-Code Wire Markers. With 

stand continuous immersion in Pyr 

anol, 10C transformer oil at 300° F 
Used in place 

of string tags by 

manufacturers of 

distribution trans 

formers, high 

voltage trans 

formers, voltage 

regulators, and 

specialty trans 7 — 

formers. You get a solid, identify 

ing bond on all transformer leads 


Sand for FREE working samples 





AO SELF-STICKING INDUSTRIAL PRODUCTS — 
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For your special production applications 


Manufacturers of electrically-operated products 
have used over 1,000,000,000—one billion-——Brady 
Special-Purpose Wire Markers for product iden 
tification, wiring diagrams, serial numbers, coil 
marking, and inspection. Mounted on handy 
portable Blue Streak" dispenser cards for fast 
assembly-line application 

Brady Special-Purpose Markers are tailor 
made to your order in any shape, color, size, 
wording, and quantity — in a choice of materials 
to fit specific application requirements: vinyl 
cloth, vinyl film, fibre glass, paper, acetate cloth 
polyester film, aluminum foil — all self-sticking 


. TDREAR AE aa aa ae ap poe 


OPERATION OF LATCHES 


ON MOLDED CASSETT 


c ended praedure below 


joxcribes an easy woy of opening 


Make your diagrams, instruction = , ste 
sheets, and repair parts lists part of dq 


your product at a 
White paper tape mounted on zip Ce, 

off liner Sizes up to 9" x 12 whe ] 

Unique method of removing liner - 

from tape gives you fast distortion J 


free application 


Sand for FREE working samples 


Insulates, seals, holds. Applies in seconds 


with only finger - pressure — speeds assembly 
of electrica/ apparatus! 


Insulation in its most practical form for production 
pre-cut and self-sticking 


Dimensions held to close tolerances no distortion 


More than 300 pressure-sensitive tapes to choose from 

including vinyl, polyester film, glass cloth, acetate cloth, 
and other electrical-grade and general-purpose tapes 

No glue pots, screws clamps, brackets, solvents tying 
cords, or other time-consuming materials and methods 

Our Technical Service Department is ready to discuss 
your insulation problems 


Sand for FREE working samples 


W. H. BRADY COMPANY 
798 W. Giendale Ave., Milwaukee 12, Wis. 


Send me free working samples and further information on 


Viny! Cloth Wire Markers [] Aluminum Foil Wire Markers 
() Color-Code Wire Markers [} Positive Placement insulation 
) Special-Purpose Markers [) Epoxy Resin Wire Markers 


() Wiring Diagrams, instruction Sheets, Repair Parts Lists 


Name 
Company 


Address 


City State 





\> These distributors carry Brady Perma-Code 11/2” and 3/4” 


¥Y,” 


Wire Markers in stock for 


Ap 
Birmingham 

Grayber Electri 
Mobile 


Graybar Electric 


Phoeni« 
Graybar Electr 
Little Rock 


Graybeor Electr 


fresno 
Groybor Electr 
Los Ang 
Electrical Speci 
Graybar Elect 
Sen Diego 
Graybar Electr 
Sen Francisco 
Electrical Spec 
Graybar Electr 
Re 
Deny 
Electrical Specia 
Graybar Electric 
NINE 
Bridgeport 
Electric Mainter 
Olsechan Electric 
New Haven 
Graybar Electri 
West Hartford 


Graybar Flectr 


YAR 
Wilmington 
Graybar Elec 
Washington 
Graybar Elec 
' RIDA 
Jacksonville 
Graybar Elec 
FORGIA 
Atlante 


Brownell Distributors 


( r 


sraybor Electric ° 
Insulation & Wires 
LLIN ‘ 
Chicage 
Complete Reading Electric Co 
Englewood Electric Supply Co 
Graybar Electric Co., Inc 
Prehler Electrical Insulation 
Peoria 
Graybar Electric Co, Inc 
Rockford 
Englewood Electric Supply Co 
Forest City Electric Supply Co 
WI ANA 
Evansville 
Graybar Electric Co., Inc 
Hammond 
Graybar Electric ¢ 
indianapolis 
Graybar Electric Co., Inc 
Peerless Electric Supply Co 
Seuth Bend 
Englewood Electric Supply Co 
np 
Graybar Electric 
Des Moines 
Graybar Electric 
Sleux City 
Graybar Electric 
KANSAS 
Wichite 
Graybar Electric 
KEN KY 
Louisville 
Graybar Elect 
ANA 
Baton Rouge 
ay Electric 
Loke Charles 
Graybar Electric 
New Orleans 
Graybar Electric 
Shreveport 
Graybar Electric 
Ms N 
Baltimore 
Graybar Elec 
MASSACHUSETTS 
Boston 
Graybar Electric Co 
nsviation & Wires, Inc 
Springfield 
Graybar Electric Co., Inc 
Worcester 


Graybar Electric ‘ Inc 


MICHIGAN 
Detroit 


Cadillac Electric Supply Co 


Graybor Electric Co., Inc 

Madison Electric Co 
Ferndale 

Standard Electric Co 
Flint 

Graybar Electric Co., Inc 


Grand hap 


Graybar Electric Co., Inc 
Lensing 

Graybar Electric Co.. Inc 
Pontiac 

Standard Electric Co 
Seginew 

Standard Electric Co 
MINNESOTA 
Duluth 

Graybar Electric Co 


Graybar Electric Co 

H. A. Holden Co 
MISSISSIPP 
Jackson 

Graybar Electric Co 
missouri 
Kensas City 

Graybar Electric Co., Inc 
St. Lowis 

Glasco Electric Company 

Groybar Electric Co., Inc 

Insulation & Wires, Inc 
Springfield 


Graybar Electric ¢ Inc 
MONTANA 
Butte 

Graybar Electric € 
NEBRASKA 
Omeha 

Graybar Electric 
NEW HAMPSHIRE 
Manches 

Graybar Electric ¢ 
NEW JERSEY 
Newark 

Graybar Electric Co., Inc 

Insulation & Wires, Inc 
New Brunswick 

Graybar Electric Co. Inc 
Clifton 

Graybar Electric 
Jersey City 

Franklin & Smith, Inc 
Trenton 

Griffith Electric Supply ¢ 


C Inc 


NEW YORK 
Albany 


Graybar Electric Co., Inc 
Brooklyn 

Brooklyn Electrical Supply Co 
Buffalo 

Graybar Electric Co, Inc 
Edgemere, tt 

Hogan Industrial Supply 
Garden City, t. 1 

Graybar Electric Co, Inc 
Long Island City 

Graybar Electric Co, Inc 
New York 

Brownell Distributors 

City Electric Distributors 

Reading Electric Co 

Turtle & Hughes. Inc 
Rochester 

Graybar Electric Co., Inc 
Syracuse 

Edward Joy Company 

Graybor Electric Co., Inc 


NORTH CAROLINA 
Cherlotte 

Graybar Electric Co., Inc 
Durham 

Graybar Electric Co., Inc 
Rocky Mount 

Graybar Electric ¢ Ine 
Winston-Satem 

Graybar Electric Co., Inc 
OHIO 
Akron 

Graybar Electric Co., Inc 

Moock Electric Supply Co 
Cincinnati 

Graybar Electric Co., Inc 
Cleveland 

Complete Reading Electric Co 

Graybar Electric Co., Inc 

Midland Electric Co 

Prehler Electrical insulation Co 
Columbus 

Graybar Electric Co., Inc 


W.H. BRADY Co. 


799 W. Glendale Ave., Milwaukee 9, Wis. 
Est. 1914 


Deyton 
Graybar Electric Co 
Martin Electric Co 
Portsmouth 


Graybar Electric Co 
Toledo 


Graybar Electric Co 
Youngstown 
Groybar Electric Co 


OKLAHOMA 
Oklahoma City 


Graybar Electric 
Tulse 

Graybor Electric 
OREGON 
Portiand 

Graybar Electric 
PENNSYLVANIA 
Allentown 

H. WN. Crowder © 

Graybar Electric 
Harrisburg 

Graybar Electric 


Colonial Electric 

Graybar Electri« 
Pittsburgh 

Graybar Electric 
Reading 

Graybar Electric 


RHODE ISLAND 
Pawtucket 


fast, local service 


Inc 


Inc 


Inc 


Inc 


New England Electric Supply ¢ 


Providence 

Graybar Electric 
SOUTH CAROLINA 
Columbia 

Graybar Electric 
TENNESSEE 
Bristol 

Graybar Electric 
Chattanooga 

Graybar Electric 
Knoxville 

Graybar Electric 
Memphis 

Graybar Electric 
Nashville 

Graybar Electric 
TEXAS 
Austin 

Graybar Electric 
Corpus Christi 

Graybar Electric 
Dallas 

Graybar Electric 
Fort Worth 

Graybar Electric Co 
Houston 

Graybar Electric Co 

Insulation & Wires 
Sen Antonio 

Graybar Electric Co 
UTAH 
Salt Lake City 

Graybar Electric 
VIRGINIA 
Nort 

Graybar Electric 
Richmond 

Graybar Electric 
Roanoke 

Graybar Electric 
WASHINGTON 
Seattle 


Inc 


Inc 


Inc 


Inc 


Electrical Specialty Co 


Graybor Electric Co 
Spokane 

Graybar Electric Co 
WISCONSIN 
Green Boy 

Graybar Electric Co 
Madison 

Graybar Electric Co 
Milwaukee 

Grayber Electric Co 
ALASKA 
Anchorage 

Yukon Radio Supply 
CANADA 
Edmonton, Alberto 

Northern Electric 
Vancouver, 8. C 

Northern Electric 
Terento, Ontario 

Northern Electric 
Windsor, Ontario 

Northern Electric 
Ottewa 

Northern Electric 
Montreal, Quebec 

Northern Electric 


Inc 















Design “Low Cost” 


Into YOUR Equipment 





ITS 


Wolds Largest 





CLIPS FOR ATTACHING 


TUBING Z 
jvc 


When ordering, 
specify '4", %s" — sindie Clips 


or %" tubes. | | ; 
— 


Style TF. Lom 
20 OO Cie a4 ; 4 


Double Clips 


cI ry ts 


3-Tube Clips 


eT LXED 


4-Tube Clips 





Shut-off knob does not affect 
needle valve adjustment. Visi 





\enrste cotese 


NFU—No. 3602-A. 
Double Clips — Wing Type 


This one unit replaces 3 to 8 
individual oilers. Maximum 
practicality in a small central 
lubrication system. Positive cut- 
off during idle periods. Individ- 
ual vibration-proof needle valve - 

adjustments. With solenoid con- 1 
trol (Illustrated): Style MDS — 
No. 4685-A. Without solenoid: 
Style MD. 


Sight 


direct 


glass 
rate of oil flow 


at a moderate 


= Style PF—No 


Selection of 
Low-Cost Lubricating Devices 


SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat 
ed by needle 
valve, direct 

ly observed 
through sight 
glass in stem. 


ble oil supply. Non-breakable 
Tops in convenience and de 
pendability, at low cost. Style 





LUBRIKIT... An assort- 
ment of 95 oil cups of 29 
different types. Gits sales 
records show these oilers 
are most used for replace- 
ment and maintenance. 
Contents of each separate 
bin are clearly described 
on Inside Cover. 

























Special Introductory Price 
just $1425 F.0.B. Factory 


Satisfaction or your money back 

















GEAR 
CASE 
GAUGES 





This oil gauge plug permits in-. 
gauge plug fF 





stant checking of oil level within 
a transmission or gear case. For 





use where construction permits 





insertion in tapped hole. A val. 
uable addition to any such 





equipment at very low cost. 
Style BW—No. 4042. 


























SIGHT GAUGES 


SIGHT . For use where rate of 
GRAVITY ' oil flow must be reg 
FEED ulated to suit changing 
MULTIPLE J operating conditions 
OILERS Needle 


mvatlve 
LA bh 
ae ; 
at 


permits 
extremely 
accurate 
adjustment 
of oil feed 


provides 


observation of 


Accu 


racy and convenience 


price 


4290 


Don't price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Send NOW for 





Service your free 





Catalog. 














GITS BROS.MFrsG. (Co. 


The Standard For Industry For Almost Haif A Century 

















1840 South Kilbourn Avenue 
Chicago 23, Hlinois 
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+*4 Uses Unlimited 4+ 


3 switches control functions 
of precision grinder 


L 


Rugged day-in, day-out service to 
precision-grind 380 piston assemblies 
an hour demands components of the 
utmost long life and dependability. 
Designers of the centerless grinding 
machine which performs these oper- 
ations chose three MICRO SWITCH pre- 
cision switches to signal and control 
the various steps of the loading and 
unloading cycle. 
This selection, they told us, was be- 
Cause 
MICRO SWITCH provides the 
largest selection of oil-tight 
switches of the type required. 
MICRO SWITCH national distri- 
bution makes switch replace- 
ment a simple matter. 
MICRO SWITCH field engineering 
service is quickly available. 


Switches perform 3 different 
functions in rotary 
cutter-winder 
Small, compact, well-protected 
switches were required by the de- 
signers of a rotary cutter-winder 

used in the textile industry. 


Each switch performs a separate and 
distinct The MICRO preci- 
sion switches were selected 
of their ability to best 
diverse requirements 


function 
bec ause 
meet these 
A switch (shown) prevents op 


eration of the cutter frame if 


the new shell is not in position. 


Another switch, which has high 
inrush capacity, operates the 
starting motor. 

A ruggedly housed switch op- 
erates a 4-way solenoid pneu- 
matic valve to raise and lower 
the cutter frame. 


Mercury switch gives alarm 
protection for plant windows 
A company which supplies plant pro- 
tection services found HONEYWELL 
mercury switches ideally suited to 
their design requirements. 


The switch is attached to horizon- 
tally pivoted windows of the fenestra 
or projected type. 

When the window is closed, the 
switch is in the normal or protected 
position. Opening of the window ac- 
tivates the mercury switch and causes 
the alarm to be sounded at a central 
station. 

These versatile switches perform ex- 
cellent service in a wide variety of 
applications where tilt motion is pres- 
ent and low operating force is de- 
sired. Often the proper tilt motion 
can be developed by consultation 
with MICRO SWITCH engineering 
service. 
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24 switches of 8 different 
types control robot 
washer operation 
Design engineers chose MICRO preci- 
sion switches to control every step 


of a fully commercial 


16 ~~ 


> 
a, 
' 


automatic 


iB - 
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washing machine. 24 switches of 8 
different types control the measure- 
ment of water, temperature, timing 
cycle, steam 


of washing injection 


and dumping water at cycle’s end. 
MICRO SWITCH units selected 


because of their long-life, depend- 


were 


ability, and high electrical capacity. 
Their use was an important factor in 
making possible this completely au- 
tomatic washer. 

MICRO SWITCH ability to provide a 
wide range of switch types to meet 
every switch requirement is the rea- 
son design engineers rely on MICRO 
precision switches as components for 
new and improved products. 


MICRO SWITCH gives 
“push button” operation 
to coffee brewer 
Four MICRO precision switches help 
provide precise control of every 
brewing factor of a well known com- 

mercial coffee maker. 

These high capacity switches auto- 
matically measure the amount of 
water and control the temperature 
and infusion time. All switches handle 
high inrush current. 


u 
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Designers of the coffee brewer picked 
MICRO SWITCH units for this device 
because of their ability to meet the 
requirements of: 


Long-life reliability 
Quick, positive action 
High electrical capacity 


Let MICRO SWITCH 
Engineering Service be your 
short cut to better design 


MICRO SWITCH Engineering Service is 
made up of experts on just one thing 
— precision switching problems. 


Whatever your design problem, its 
solution may easily be expedited by 
consultation with an engineering 
service that has helped in the solu- 
tion of many complex electrical 
switching problems. 


MICRO SWITCH may have already 
solved a problem similar to yours 
for somebody else. Should your prob- 
lem turn out to be entirely new, 
MICRO SWITCH can—and _ will—de- 
velop the switch you need, 
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ecision 
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9 Explosion-Proof Switches Control 
Machine Making Shell Primer Bodies 


MICRO 
switches 
enable this ingenious machine to 


SWITCH explosion-proof 
of two different types 


prepare primers, under hazardous 
atmospheric conditions, for artil- 
lery shells. 


In one streamlined operation, all 
handwork is eliminated as this 
diaphragming machine lacquers 
the interior of the primer body; 
punches and forms diaphragms 
from a paper roll; seats diaphragms 
to proper depth and provides final 


Send for new Catalog 83 on 
Industrial enclosed switches. 


inspection of finished parts. 
Shown here the rotary index 
table which is controlled by MICRO 
SWITCH explosion-proof switches. 
Five of the nine switches used 
may be seen. 


is 


This is a typical example of the 
important part played by MICRO 
SWITCH productsand MICROSWITCH 
engineering service in the develop- 
ment of automatic machinery to 
serve a wide range of industrial 
applications. 
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switches 


PLE OF GOOD DESIGN 


NEW! 


An “Electrical Memory” 
Toggle Switch 


‘electri- 
It is a four- 
to indicate 

It prom 
simplify and perhaps revolutionize 
basic circuit designs of complicated 
ground radar units, computer devices, air- 
craft and other types of 
remote control equipment 


Here is the first in a new series of ‘ 
cal memory”’ toggle switches 

pole with one pole 
which circuit was last operated 
ises Lo 


assembly 


some 


control panels 


@ cicmentany 
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The a 
ble 


one 


pole dou 


' 
switches 


sembly three 


throw 


USCS single 
functional basic 


pole, double-throw 


and 
single 
switch 

In applic 


cate 


“memory” 


ation the “‘memory”’ switch indi 
s through a pilot light or buzzer which 
circuit was last operated 

The three 


functional switches operate 
three lever 


positions 


at 
maintained center 
and momentary from each extreme position 
Electrical rating of basic switches 
125 or 250 volts The d-c rating at 30 
volts: inductive-—3 amperes at sea level 
and 2.5 amperes at 50,000 ft.; resistive 

4 amperes at vel and 4 
50,000 feet; maximum inrush 


5 amperes 


sea le amperes at 


15 amperes 


For more complete information on this new switch or any 
MICRO SWITCH precision switch, contact the branch near you. 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS HONEYWELL REGULATOR COMPANY 
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Make or buy — which is best for you? 


You'll make out better if you let 
C'TC make your terminal boards. WI 
The answer is simple 

cl i eq upped to produce quality 
terminal board economicall Ihe 
two key words in that sentence ure 
quatit ind econom Here how 
CVC can guarantee bot! 

Cur Vaging machine use tools we 
designed ourselves that prevent cracked 
board ind cracked 
terminal is fastened 

("VC terminal 

weak spot 

Our tinishe ind ¢ 
moothl L here 
heavy deposits. CT 
lected from certified 
from detect Gl 
minals themsel ve 

of plating! 
result of thi 
terminal 
int them 
a 


an ipl 
‘ } 


Caet 


i 
i 
ol 


agree you'll make out better if CTC 


makes your boards. Cambridge ‘Therm 
ionic Corporation, 453 Concord Ave 

Cambridge os Ma On the West 
( mst contact | \ htwoberts and 
Associate lin 068 West Washington 
Kilvd Los Angel 16, and 61 Renato 
Court, Redwood City, California 
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CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components 


custom or standard 
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Class H Silicone-glass Parts 
Save Space, Speed Assembly 


of parts 
made with Dow Corning silicone bonded 


Excellent post-formability 
glass cloth contributes to growing mar- 
ket developed by Stevens Products, Inc., 
East Orange, N. J. Such parts cut 
assembly time, save space, give long 
H temperatures 
motors and generators. 


service at Class in 


to 


Custom-designed assemblies 


displac e 


that tevens Products 


of 


parts 


ire normally taped, 


has developed a variety post-formed 


silicone-glass laminated that elimi 


nate seams, give more reliable performance 


labor A 


instance 


and 
for 


compared 


ind ive assembly time 


, 


ply interpole assembly in 


volves only two part tO Six 


1 the 
ina ic 


taping 
Over 1 


operation 
of 


manufactured 


previously 


million these 


as 


ive been to date 


in generators 


er post-formed silicone laminated part: 
end 
bobbins, as well as 
of 
rec 
fabri 


ide rotor covers cap haft col 


lot liner ind 


ariety 


Rigid 


also 


ove! for a wide v 


id electronic 


parts 
tubing 1s 
Many 


complex configurations 


| 
Or irCulal 


for transformer 


of the c 
involve 


ind 
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Silicone dielectrics most widely used are de 
the 1956 


Silicone Products 


scribed in Reference Guide Dow 


Cc 


to 
orning The brief but com 
prehensive description of each material includes 
With 


increasing demands for high temperature oper 


a review of properties and applications 


ation 


such a guide to these remarkably stable 
should 


every electrical and electronic engineer 


dielectrics be 


immediately available to 
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ATLANTA * BOSTON + CHICAGO - 


Canada: Dow Corning Silicones Ltd, T 


CLEVELAND 


Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 
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AIRCRAFT WARM-UP TIME REDUCED 
BY SILASTIC INSULATED HEATERS 


Meeting more closely than other 


the 


any 
of 
dielectric, Silastic* has proved its su- 


material requirements an ideal 
periority in many applications ranging 
from traction motors to wire and cable. 
Here, for example, is how Silastic “R” 
Heat Ele- 
ments, Inc., Middletown, Conn., to pro- 


of 


heaters that meet the demand for faster 


Tape is used by Safeway 


duce a line woven resistance wire 


aircraft warm-up. 


OVEN-HOT AIR USED TO COOL 
SILICONE INSULATED EQUIPMENT 


Cool electrical equipment with air that 


250 F? Yes you 


has a temperature of 
can, providing the 
tected Dow 


sulation. 


equipment Is pro- 


with Corning silicone in- 


Here's how Westinghouse 
engineers put 250 F air to work cooling 
their new 40 kva, 400 cycle alternators 


or a-c generators for jet planes. 


W hen 


altitude atmosphere at 


a jet plane is hurtling through low 


the 


spec d of sound 


air available for cooling may 


250 F. Fat 


j 
el rical n 


purposes 


have a temperature is high a 


from cooling organi ulating 


materials, tl high ambient aus em 


to burn order 


ort high alti 


up in 
tude 


air temperature drop 


the iif 0 


orping 


powell 


enougn to 


insulating mater 


Io provide maximum cooling effect 


We 
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It { the ting ( 
allMmude « ingnou 


fitted one and 


No. 25 


DALLAS + DETROIT 


Great Britain: Midiand cones 


Th > 
nese 
m ide 
of 


for easy 


heaters are 


in a wide range 


shapes and sizes 
application 
raft 


instruments 


which must be brought 


to correct op 
temperatures 
eating element 1s 
hed 
ngle layers 
R Tape 


to form a 


indwi between 
of Silastic 
The 


void-free 


assembly is then vulcanized 


moisture-proof jacket 
thick 
Lead 


impreg 
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maximum flexibility 
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The General Electric line of cords offers a wide 
variety of types and constructions: flame-resistant 
moisture-, and weather-resistant: cords insulated 
with asbestos, silicone rubber, and othe special 
materials ce signed to withstand spec ial conditions 
Because of the wide selection, you'll find a G-l 
cord enpines read to meet the Uses and abuses of 
ilmost every application 

General Electric applic ation engineers have as- 
isted many product designers and manufacturers 
on application problems. They can help you pick 


the type of cord that will fill your requirements 


most efficiently and most economically 


lo manufacturers who assemble their own 
cords, the superior design and consistent product 
quality of G-F. cords can mean reduced set up and 
adjustment time, more efficient production and a 
reduction of spoilage. To all manufacturers who 
use cord sets, G-E cords mean quality, efficiency. 
and economy 

If you would like detailed information on the 
possibilities of better on-the job performance, or 
of more efficient production with G-E cords, write 
Section W184-622 Construction Materials Divi 
sion, General Electric Company, Bridgeport 2, 


Connecticut. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


DELTABESTON* 


asbestos insulation 
G-E cords ture No drying or 


under constant high temperatures 


for every product 
COT 


TYPE S RUBBER 


kalies and water 


mines, railroads 


(Rated 300 V) Felted 


Resists heat and mois 


JACKET (600 V)~ Tough 
durable, long-wearing 


For extra-hard usage in 


TYPE SJ RUBBER JACKET (300 V) 


erties similar to type S, but for hard 


deterioration even on medium-duty applications i.e 


machines, portable tools, household 


ances 


, TYPE SV RUBBER JACKET (300 V) 


Resists acids, al 


gorages, factories 





erties similar to type SJ, but for light duty 





TYPE $O GEOPRENE* (600 V)— Resists 
grease, oil and other rubber solvents, sun 
light, flame, acids, alkalies and water. For 


industrial, garage, chemical and soap plants 







and similar locations 


TYPE S$JO GEOPRENE (300 V)—For appli 
ance, office machine, portable tool applica 
tions where resistance to grease, oil, sunlight, 
flame, acid, alkalies or water is required 


TYPE POSJ RUBBER RIP CORD (300 V) 
For light duty pendent or portable use 
damp locations and for table and floor 


lamps, clocks, radios, etc 


TYPE POT FLAMENOL* RIP CORD (300 v) 
Outstanding for its smooth, attractive 
finish. Will not deteriorate or change color 
For light-duty use on table and floor lamps 
radios, fans and other small devices 


PREENX* HEATER CORD-For high-heat 
applications (soldering irons, toasters, grills 
heat lamps, etc Easy to rip and strip 
Moisture resistant. Smooth finish does not 
attract lint—stays clean, resists staining and 
discoloration. Outwears fabric cord ten to 


one 


"Registered Trade-mark General Electric Company 


Westinghouse 
Protects Its Quality with 
KLIXON Motor Protectors 


Westinghouse, one of the world’s leading manufacturers of motors and electrical 
products, has long been known for quality. And to further assure the utmost in 
cle pe ndability and trouble-free operation of its fractional H.P. motors, they 


incorporate a built-in Klixon Protector in their Thermoguard* motors. 
Here's what Mr. J. F. Farrell, Sales Manager, Industrial Motor Department, 


has to say about Klixon Motor Protectors: 


“Modern living has promoted a multitude of uses for fractional horsepower electric 
motors. Many of these motors are hidden from view and are relatively inaccessible. 
They must give dependable automatic service under all operating conditions. The Klixon 
Motor Protector, used on Westinghouse Thermoguard* protected motors gives this 


full turoOmaAatic prot ction apyainst all conditions that might Cause motor overheating”. 


You, too, can keep motors in your equipment working dependably by specifying and 
using Klixon protected motors. They will reduce maintenance costs, service calls and 


repairs and replacements. The additional cost is 
low. The benefits are excepuonally worthwhile. x 0 
*Thermoquoard is the Registered Trademark of L ® 
Westinghouse Electric Corporation 
METALS & CONTROLS CORPORATION 


SPENCER THERMOSTAT DIVISION 
106 FOREST STREET, ATTLEBORO, MASS. 





It Isn’t Healthy 


THINGS ARE GETTING OUT OF HAND in the em 
ployment of engineers and scientists. Sure, 
the engineer has been underpaid for years 
and we who are engineers before we are 
editors would be the last to begrudge a 
professional man the recompense due hin 
What we do view with alarm is the unhealthy 
black market 
takes under 
oraduates and in the ranks of the experienced 
employee 


held. 
The stories on the 


aspect of present hiring. It 


place on two. levels——among 


principally in the guided missile 
campuses, well sub 


stantiated, are fantastu The 


latest’ one 

that a top-notch computer manutacturer has 
been putting seniors on the payroll at half 
pay, the day they accept employment Next 
vear the will put juniors on the payroll 
Candidates are entertained lavishly. flown to 
the plants for additional interviews and if a 
lad hesitates a bit about the $400 per month 
the starting pay will be upped to $425. The 
never had it so good, but they had better 
he good! All the firm 


lhe extremes to 


is hiring is potential 
which experienced = met 
ire being recruited are just as fantastic It 
is vetting so now that a hich portion of the 
scouters never return to home base. Th has 
happened at society meetings and on the 
campus. Unfortunately the older enginees 
on the job 15 to 25 vears. has not had his 
pay raised commensurately with the inflated 
This is the basis of the present 
raiding tactics. A lot of good men are sus 


ceptible, and they “have to think of their 


starting rates, 


families first.” 


The ones who are hit hardest b these 
raiding tactics are college faculties rovern 
ment laboratories and the smaller firms. It 
is no help in alleviating the basic shortage 
of engineering graduates to SW Ipe their it 
structors who today make only a little more 
than what an average senior can command 
The only answer is higher pay tor the in 
structors. This is 


The college 


industry's responsibilit 


department heads can et thes 


Electrical 
ETE retraite 


higher compensation through outside con 
sulting work 


Civil = service classifications make the 


government lab men vulnerable. The story 
has been told recently that an Oak Ridge 
reactor expert was lured away from his $12, 
OOO per year job with an offer of $19,000. On 
his way through Washington to his new post 
he was offered $24,000 by another firm. Firm 
No. | met the challenge and threw in some 
idditional fringe benefits. This goes on all 
the time. Its like bidding at an auction 

It is understood that the White House is 
iInvestigali the spending of overnment 
funds for elaborate ulvertising campaigns 


trying to attract engineers to firms with cost 
contracts Ihe Joint Congr 

ional Committee on Atomic Ener i ise 
checking ih 


Q)n the other ile of the pieture the i 


plus detense 
perie Lice 


neers ind Scientists of 


Ainerica accuse the 
Air Foree of obtaining a entlemans agres 
ment or vireraft and missile manufae 
turer o hire away each others men with 


idded ducement 
uspecl that the 


Looking at the want ads 
igreement 
more honored in the breach 
than otherwise 

What can a Compan do to retain its best 
engineers? Raise their pay is an obvious an 
swer. It ihout time their importance to the 


organization is rece nized 


Equally if not 
more essential, take them off routine, unin 


spiring jol Give them the 


opportunity lo 
exercise their full abilities on problems that 


(Note how this 


appe i} run tt rough current personne] acs } 


ire a real challenge to them 


fo a capable professional man, job satisfac 


tion rate ibove money Spend more time in 
I, 
inaiVvZil the engineer 


ities and fittin 


interest and capabil 
him into the right niche. How 
many engineers have walked out of jobs where 
they felt their best talents were not being 
employed? Plenty. Don’t make your men too 
susceptible to job offers they “can’t afford t 


turn dow 





Program ae pT Totear eld 


(Cords or tape) (Cords or tope) et em 


Mochine control An 


es eee ELECTRICAL 
MANUFACTURING 
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Report 


Fig. 1—Functional diagram of numerical machine control showing preliminary steps of pro- 
gramming from drawings to tape or cards. “Manuscript” details machine operations. For simple 
controls, output of program storage can feed directly into control. Contouring controls may 
require computer for calculating tool path and director for interpolation 


Machine Tool Control Progress in... . 


Numerical Programming 


and Static Devices 


Extension of punched-tape/card programming to turret lathe, cam 
miller and variable-speed drive; redesign of Cypak static controls 
after a year’s operating experience——both featured at Westinghouse 


2Oth Machine Tool klectrification Forum. 


Puke Westincuouse 20TH Macuine TooL ELECTRIFICA 
rion Forum, held again in Buffalo, April 17-18, focused 
F New transducer element for pre primarily on methods of automatic control. Over 600 
machine tool designers, representative users from aircraft 


Oiher forum highlights: 


cise) positioning hee 
| © and automotive industries and Westinghouse engineers 
Traring fr ——- participated. However “automation” per se yielded much 
Pe Tracing from drawings with a —" ee 
sil of the limelight to programming complex short-run op- 
cathode-ray tube inet aia. 
Numerical Programming Controls. Numerical con- 
P Silicon power rectifiers for d-c 9! ter . — 
trol implies use of information in numerical or digital 


drives form as contrasted to comparative or analog form. As 


. . cls ssified b ne W. He che oede of Wes onouse l- 
> New NEMA lrame sizes for a-« ee ’ serge ; ings 9 : 


dustry engineering, digital signals have two states, (1) 
motors LO to LOO hp presence or absence of a voltage or (2) voltage of one 


ELECTRICAL MANUFACTURING 
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polarity vs opposite polarity. In most cases the magnitude 
or shape of a voltage pulse is not critical. 

Depending on their complexity, numerical controls for 
machine tools involve some or all of the functions of 
Fig. 1. Such controls can be divided into the following 
groups: 

1. Positioning—primarily used for drilling and punch 
ing; only the end points are important, overshoot may 
be tolerated. 

2. Straight cutting—such as turning a stepped shaft; 
position must be controlled for entire cutting path, feed 
rate must be controlled, overshoot is not acceptable; but 
while two or more motions may take place at some time, 
coordination between position controls is not required, 

3. Contouring—programming any tool path that ma- 
chine can generate; usually simultaneous position control 
of two axes is present including feed rate control; pro- 
gramming feed motions in small steps and correcting 
for cutter offset requires more complex control for con- 
touring than for positioning or straight cutting. 

Numerical controls may be further classified as: 

1. Incremental—specifying new position in terms of 
last position, or 

2. Absolute—specifying each position from an = ar- 
bitrary base. 

Incremental systems can perpetuate error while abso 
lute systems do not pass error from one point to another. 
And power failure may cause incremental system to lose 
memory position, requiring a return to some base point 
to pick up position. However, incremental control is much 
simpler with greater inherent economy and _ reliability. 

Since programming requires translating dimensions to 
cards or tapes, coding is an important step. Three cod 
ing methods are shown in Fig. 2. 

Binary coding is used for positioning a numerically 
controlled turret lathe, described by D. N. Smith, Jones 
& Lamson Machine Co. This binary system uses 15 digits, 
each a successive power of 2, to code the five digit num 
ber 30.000 (representing a range of 0 to 30 in. with 
accuracy of 0.001). 

To control the lathe automatically, a program-punched 
tape does the following: addresses carriage. cross slide 
or hexagon turret; indexes position ; selects feed speed 
or fast motion; indicates dwell time after cut, if any: 
indexes next instruction; selects spindle speed and deter 
mines whether or not spindle runs. Separate controls and 
drives are provided for carriage, cross slide and hexagon 
turret. Saddle and turret control is shown schematically 
in Fig. 3. 

Contrasted with this absolute control for straight cut 
ting was the incremental control for a contouring cam 
miller described by Mark Morgan of International Busi 
ness Machines. Here binary digital data on punched tape 
specifies the difference in radius from the cam center at 
specific angular increments. In the control this digital 
data is converted to analog form to interpolate between 
points for continuous milling. (This particular control 
was described in ELECTRICAL MANUFACTURING, October 
195 ). p 114 ) 

As an example of positioning control suitable for 
numerical programming, Marshall Brittain, Westinghouse 
control engineering, presented the positional feedback 
control shown in Fig. 4, applied to a conventional vari 
able-speed d-c drive. Purpose is to move point-to-point 


as rapidly as possible with the driven too! to arrive at 


al coding for 


DECIMAL. Requires one row with ten possible states 
for each digit. Operator can easily read number but 


coding is wasteful of tape or card space, 30 holes 


for numbers 0-999 


Decimal 


notatior 


BINARY. Requires one row with ten states for numbers 
0 to 1023 easy for machine to read. But operator can 
not mentally read number and transe ribing errors are 


easily made 
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CODED DECIMAL (8-4-2-1) 


for numbers 0 to 1445 Operators quic kly learn to read 


on sight Error checking is possible by us 
dundant fifth row for punching $0 each re 
number of punches even number then 


error 


< Three Common methods for coding dimensions on tape 


ecards for numerical programming 
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misc. functions 
hig. Numerical control for turret lathe programs eleectrohy 
servomechanism 
Motor turns feed screw in proper direction 
thereby opening hydraulic 


draulic Punched tape dictates final position 


and feed rate 


valve amount proportionate to de 


ired cylinder speed. When actual position, indicated by digi 


tizer geared to lead serew 
braked 


ment ind yetem 


matches tape signal, drive motor is 
saddle 


come to rest 


hollow up motion of zeros out valve displace 


Other lathe motions are 


similarly controlled 


hy | Position leedbuck control tor variable peed ade dvive 


Push-pull magnetic amplifier supplic 


Digital 
between position input and tool position, i 


reversible power to en 


rutor tleld enerator control 


motor armature voltage 


error differences 


converted trom digital to analog form ind fed to magnets 


moplitier, Pachometer is for stability 


Resultant motor speed 
big. 5 -Effeet of digital error data on magnetic unplifier input 
and motor speed for control scheme of Fig. 4. kor errors on 


positive side (left), motor runs full forward until slowdown 


zone to stop incrementally, For negative errors (right motor 


runs full reverse to zero, overshoots and creeps back from 


positive side 


86 


each new position from the same direction, slowing down 
before stopping but maintaining top speed outside the 
slowdown range. 

The digital difference detector shown is a simple tran 
sistor switching circuit which puts out an error signal as 
1 17-digit binary number. To meet the requirement that 
tool approach final position at all times from the same 
direction, differentiation between reverse (negative) and 
forward (positive) speed is made by a / or a 0 in one 
digit of the error number. In another digit, full speed is 
called for by a 0 while slowdown is called for by a rE. 
Slowdown is applied in 15 increments by other digits. 
Digits are converted to analog signals for the magnetic 
unplifier by a second transistor switching circuit. Fig- 
ure 5S graphically portrays the operating sequence. 

New Transducer Element. Positioning to an ac 
curacy of 0.0001 in. over a range of several feet can be 
wccomplished by a two-part electromagnetically coupled 
transducer element introduced by Frans Brouwer, Cana 
dian Westinghouse. The transducer primary, Fig. 6, is in 
the form of a long bifilar coil wound in two spiral cut 
rrooves in a dielectric cylinder. The wires are joined at 
one end and connected to slip rings at the other. The 
secondary is a bifilar coil plated on the inside of a sleeve 


which can slide over primary. 


With voltage 


ipplied lo secondary when primary and secondary coils 


Fivure 7 shows the operating prin iple 
ire lined up as at A, there is maximum electromagnetic 
coupling of primary and secondary. When secondary is 
shifted so its wires are midway 
is at 2. voltages 


between primary 


Wiits 
induced in adjacent primary wires cancel 
is further shifted in same 


wh other lhen if secondary 


lirection until wires line up again, voltage induced in 


ma reaches maximum of opposite 


phase to that at 


1. Thus when the secondary is moved along the primary 
inusoidal output appears 
ithe we 
hase 
I hiese 


meu of lig oO 


cross the primary slip rings 


oltage nulls o curring helween peaks oft Opposite 


nulls are 


used for positioning in the control 


Since many nulls appear along the full 


transducer travel, the transducer is used only for fine 


ithonin in conjunction with a conventional servo 


mechanism for Conventional 


coarse positioning, serve 


will seek position to an accuracy less than half the distance 


between transducer nulls 


When coarse servo error ap 


proaches zero, “coarse-fine’” switch drops out to fine 


This basi 


cireuit can be expanded to incorporate computer controls 


ind the fine system adjusts to the nearest null 


programmed to control several coordinates simultane 


ously 

Tracing from Drawings. A diflerent 
proach was used for the line tracer system, described by 
Oliver L. Baily of the Cincinnati Milling Machine Co.. 


where the drawing itself forms the “program.” Designed 


control ap 


for use on a standard 


}00-deg profiling tracer, the new 
control substitutes a “flying spot” cathode-ray tube and 
i phototube for the conventional tracet finger thereby 
eliminating the need for a template 

White on black drawings are used for tracing 


Is com lished hy 
} 


Sensing 
with a con 
trolled light beam from the cathode-ray tube. big OA. 


Lach time the beam cuts across a white line 


scanning the drawing 


. a light pulse 
is reflected onto the phototube. By means of a reference 
senerator and beam shaper, the light spot is modulated 
back and forth in a small bowed arc. It is also deflected 
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by permanent magnets to describe a circle as it rotates -upply complete lines or line sections rather than indi 


with the steering system. The circle diameter is adjusted vidual machines. Among the necessary controls are those 
to equal cutter diameter, Fig. 9B. When the tracer is for work handling both 
“right on”, the beam is bisected by the tracing pattern 

Reflected light pulses are converted by the phototube to 
electrical pulses and fed to a photo amplifier, Fig. 9¢ 
where they are compared with the reference generato. 
output and converted to an error signal. When the tracing 
line is off center with respect to the beam, the pulse pat 
tern causes a polarized d-c output from the phase recti 
fier. This in turn deflects the electrohydraulic transducer 
causing rotation of the hydraulic motor to move both the 
cutting tool feed cam and the scanning beam until the 
beam balances over the tracing line. 

Controls for Automation. Keynoting a discussion 
of controls peculiar to continuous processes (automa 
tion), James R. Bright. lecturer in industrial management 
at Harvard University, cited a developing trend whereby 


machine tool builders were being asked to engineer and 


within and between machines, 
ind automatic gaging, either in process ol post-process 
Because rotary index and trunnion-type produc tion 


machines are limited as to number of possible work sta 


Fig. 6 Transducer element for precision positioning 


W ound secondary sleeve slides over wound primary 
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big. 7--KRelative position of transducer secondary to 


primary determines induced voltage output of primary 


A) Coils line up for maximum coupling. (B) Secondary 


windings split primary windings for zero output 
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Fig. 9—Photo-electro-hydraulic servomechanism 
from drawings. (A) Cathode-ray and photo tube 
detects position of line on drawing. (B) Light beam sweeps in 

controlled are and follows circular path equal to cutting hig 
periphery. Midpoint of are locates cutter edge. (Cl) Servo 
mechanism compensates for off-center deflection of beam 


lor tracing 


sensing unit 


, 
Basic positioning circuit Uses 


“cCoaree servo 
to adjust to nearest 0.1 


nm and “fire ervo see ke 
null to nearest 0.0001 in 
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tions, H. B. Friberg, chief engineer of the National 
lool Co., looked to the straight-line transfer 
machine as offering the most potential for automation. 


Work-handling mechanism can be a shuttle bar to slide the 


Automatic 


part (or a pallet holding the part) or a walking beam to 
pick up, transfer and lower the part to position. Parts are 
either manually or automatically loaded at first station 
and unloaded at last station. In general, mechanical opera- 
tions are hydraulically powered except the spindle motors 
of the cutting tools. Overall control is electrical to se 
quence and interlock the various components. This in 
cludes electric interlocks to control shuttle bar, deter 
mine correct positioning before cutting, indicate tool 
operation, detect and reject defective parts, program lubri 
cation, detect low level in oil reservoirs and control flow. 
Straight-through work handling of this type is becoming 
standard. kuture design effort will be concentrated to 
ward automatic assembly of components. 

In the interest of both economy and maintenance, R. L. 


Palmer of the Jervis B. Webb Co 


forward electrical approach to between machine work 


advocated a straight- 


handling equipment, using standare components and fol 
lowing Jie Wherever 


possible mounted on or near the 


standards for the control panels 
controls should be 
machines they control. But in complex operations, con- 


trols may properly bye srouped provided they are sec 
tionalized and interlocked with their respective mae hines 
lrouble-indicating lamps do much to speed maintenance 


And for fast trouble 


rrouped in a vraphical control center, ki 10 


shooting, such signals can be 


For both wiring and maintenance economy, particu 
larly in ove rhe ad wiring, no more than four wires should 
be connected to any one limit switch, preferably using a 
four-conductor neoprene-covered cord and a polarized 
disconnect pluy lor more contacts, relays can be used 
Solenoid valves should also be wired with a short cord 
and plug plus flexible hose connections to hydraulic or 


lo Mr 


A necessary adjunct to automation is automatic 


pneumatic sy stem, according Palmer 

raving 
either to prevent a machine from continuing to make de 
lective parts or to prevent further machining of a defes 


According to W. C. Mullin of Pratt & Whitney, 


practically every machine tool builder in’ this country 


tive part 


‘ 
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Fig. 10—Centralized control panel for a highly integrated 
materials handling network features graphical layout of indicat- 
ing trouble lights for fast trouble location and minimum 
downtime. 
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Fig. 11 


diate correction to tool position 


In-process gaging: gage head on lathe applies imme- 


is producing machines that are or can be equipped with 
automatic gaging. The two common types of control are: 

|. In-process gaging—measuring the work while be- 
ing machined to apply feedback control as shown in 
Fig. 11. This type of control is particularly suited to 
grinding and turning operations. 


ea Post-proe ess 


work 


machining to apply correction before subsequent pieces 


gaging—-measuring the after 


are made. Two methods are continuous feedback propor- 
tional control, Fig. 12, and zone control, Fig. 13. The 
former measures each piece and applies correction im- 
mediately. The latter method applies correction only when 
two successive parts exceed tolerance in the same direc- 


, 


tion. A third method, using a “go” or “no go” inspection 
machine to pass finished parts to the next operation, 
usually involves no feedback. 

Designing for Safety. Using press controls as ex- 
amples, D. T. Kennedy, chief electrical engineer, Danly 
Machine Specialties, Inc., cited some practical electrical 
safety hints. First was placing pushbuttons at head levels, 
spaced far enough that the operator would have to use 
both hands, without being able to substitute some other 
part of the body. Another was that hinges and mounting 
screws do not always give good ground connection; when 
controls are mounted on vasketed doors or panels, a 
flexible wire should be used to ground around the hinge. 


Where 


main disconnect is opened, they should be isolated from 


auxiliary power circuits remain energized after 


the control proper, wired in separate conduit with cov- 
ered terminals and identified for caution. A novel trick 
for insuring the motor circuit is off when hand position- 
ing press dies is to chain the safety blocks to electrical 
disconnect plugs 

Silicon Power Rectifiers. Commercial availability 
of high power silicon rectifiers will now permit using 
d-c motors and controllers in many places that were 
previously impractical, stated Dr. R. L. Bright advisory 
engineer Westinghouse Semiconductor Department. He 
indicated that silicon has a number of advantages over 
selenium and copper oxide rectihers; outstanding is the 
small size. A °4-in. dia sandwich can carry 200 amp and 
block 200 volts. Losses are only Ll, per cent of the load 
power as contrasted to 10 per cent for a comparable 
selenium unit. And silicon may be operated to 150 C as 
contrasted to 85 C for an industrial selenium unit. Its 
temperature of 100 C to 120 C 
gives a 50 C leeway over germanium. 


continuous operating 


Another advantage is silicon’s long term stability. 
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Leod screw 


Work piece 
just ground 


Work piece 
being ground 


Feed screw 


Fig. 12—Continuous feedback post-process gaging: measure- 
ments of finished piece are used to correct tool position for 
following piece. 


Since the forward drop of selenium increases with age, 
most rectifier transformers have several tops that must 
be periodically changed to raise the supply voltage to 
hold the output voltage constant. But with silicon, the 
forward drop after several thousand hours will be un- 
changed. Also, the voltage variation of a silicon rectifier 
supply is less than one per cent from 10 to 150 per cent 
rated load, as compared with 10 per cent for a selenium 
unit. 


Economically speaking, for ratings 115 volts rms and 
higher, power silicon bridges are competitive with, and 


in many cases, cheaper than selenium stacks of equal 
rating. This situation has been true for only a few weeks. 
At the present time, silicon bridges are commercially 
available with current ratings from 1 to 1000 amp and 
voltage ratings up to 600 volts rms. Their small size, 
Fig. 14, will permit converting a-c to d-c right at the 
drive. 

Operating Experience with Static Controls. The 
most heavily attended portion of the program was that 


PANEL DISCUSSION: Basic considerations for 


improving electrical standards for integrated 
production lines. 


Moderator | A 


Gisholt Machine Company, posed three questions to a 


Liefer, chief development engineer, 


pane] of electrical engineers and the forum at large. High 


lights of their discussion are summarized below 


1. Do you believe today’s JIC standards completely cover 
problems of continuous processes of work lines? 


Recurring opinion was that JIC and NMTBA standards 
are inadequate for the special wiring and ventilating 
problems of complex electronic equipment such as 
required for automatic numerical controls. Some thought 
should be given to reliability standards for electronic 
and solid-state components. Continuous work lines need 
better interlocking and more conveniently 
located stop switches on long transfer machines; per- 
haps emergency return switches should be required. And 
the words “clean location” could be expanded to “a loca 


electrical 


tion that stays clean.” 


Il. What specific measures should be taken to improve 
standards for control panels? 


Among the measures suggested were specifying closer 
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Fig. 13 


error initiates machine correction or shutdown. 


Zone control post-process gaging: repetition of an 


devoted to Cypak, the new static control announced by 
Westinghouse at last year’s Forum. As evidence that 
Cypak was already an accepted control, T. C. Finnell, 
manager of control sales, cited the following applica 
tions: General Motors on a torus vane loader; Micromatic 
Hone, honing machine; 


trol; W. F. & 


Chevrolet-Fline, punch press; 


Cincinnati Shaper, brake con- 
Klectro-Detector system; 
National Machine, cold 
forging press; Warner & Swasey, turret lathe; Springfield 
Machine Tool, lathe; 
chine; Ford Motor, resistance welder and presses; Dodge- 
Chrysler, motor-block transfer Barnes Drill, 


honing machine; Herr Equipment, shearing line machine. 


John Barnes, 


ix-Cell-O, precision boring ma- 
machine; 


S. F. Newman, senior project engineer, General Motors 
Corporation, described the application of the new system 
to an automatic assembly machine. One of a group of 
torus vane loaders has both Cypak and conventional relay 
controls, with arrangements for quick transfer from one 
to the other. The basic 


involve sequential control of four 


function, sketched in Fig. 15, 


hydraulic cy linders 


placement of controls to machines but leaving sufficient 
space for opening doors, replacing motors and other 
servicing; such space should be shown on the drawings. 
In-line transfer machines should be treated as individual 
machines controlled by a central signal; control station 
should have separate panels for each machine with all 
interlocking circuits grouped on another panel plus 
several spare panels for expansion. In-line machines need 
standards for dimensions and wiring 


U1. What specific measures should be taken to improve 
standards for control components? 


Contractors should be front connected and easily re- 
movable without dismantling their enclosures, Relays 
should permit in-place replacement of components, have 
shock mounting and visible contacts. Contacts should be 
easily reversible. Solenoid valves sometimes have too-low 
operating currents for proper relay operation. Limit 
switches are not sufficiently watertight, are easily dam- 
aged, and do not have enough wiring space. And push- 
buttons still stick. The hope was expressed that static 
and magnetic devices would eliminate many of these 
problems. However, caution was urged here because 
quality variation, need for temperature control, radio 
interference, ete. pose other problems which time may 


elarify. 





More NEMA Motor Standards 


Interpreting the extended NEMA standards for a-c 
motor frame sizes 364 through 445 (40 to 100 hp), M. E 
Knudson, Westinghouse manager of motor sales, stated 
that no new diameters or frame mountings will be in 
troduced. Changes will be limited to a reassignment 
of speed and horsepower ratings. (See table.) The new 
frame size for a dripproof motor of a given horsepower 
rating will be two frame sizes down from the conven 
tional size; the only exception being two-pole, 3600-rpm 
ratings. For totally enclosed fan-cooled motors the pat 
tern varies. No changes have been made in NEMA 


performance standards on torque, starting current, tem- 
perature rise, etc. 

In a discussion of the new NEMA standards for d-c 
motors (see ELECTRICAL MANUFACTURING, Decem- 
ber 1955, page 116) the fact that specific frame sizes 
are no longer required for a specific horsepower and 
speed rating stirred some comment from those attending 
the Forum. Several machines tool designers expressed 
the opinion that different motor manufacturers using 
different frame sizes for the same rating posed a threat 
to interchangeability of d-c drives. 


New NEMA Frame Assignments for Larger Squirrel-Cage Induction Motors 


Totally enclosed, fon cooled 
bh Ro 


| 


through solenoid valves. Cycle is initiated by two palm 
pushbuttons to raise an empty shell to the working posi 
tion. Then a feed cylinder strips a vane from a magazine 
and positions it in the shell. Feed cylinder returns, shell 
is automatically indexed to the next position and next 
vane is fed. Vane feed and index cycles are repeated until 
$6 vanes have been fed, when shell is lowered to unloading 
‘| he conven 


position. Total eyele time averages 28 see 


Fig. 14-A 100-amp silicon rectifier bridge for building inte 
a d-e motor controller 
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(Designs A ond B) 


(Design A only) 


tional control panel has twelve control relays and two 
timers. The corresponding Cypak control consists of the 
power supply, one undervoltage control relay, 28 Cypak 
boards and four amplifiers. Standard limit 
switches and pushbuttons are used in both control steups. 


output 


At the end of five months, after completing over 4 mil- 
lion operations, a rectifier across the output signal failed 


in an AND board. The damaged board was quickly re- 


Feed cylinder 


Magazine cylinder 


= 


index cylinder ‘ 


Clamp cylinder 


hig. 15—Funetional sketch of operating sequence for torus vane 


loader controlled by Cypak logic elements. 
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Output only if all input signals are 


And present mo 
of ‘ 
- . 
Velocity ae ‘e- Position 
‘ 
Output if any input signal is ——————— 
Or present 


Single cycle: Drill head moves down from rest posi 
tion with variable and controllable velocity, reverses 
at lowest position, returns rapidly to top and stops. 


Not Output only if no input is present 


Output produced when “on” sig 


Memory 
: nal is applied, will continue after 
On ° . ‘ ; 
input is removed until signal 
| ott | switched off by signal from other 


source. 








Amplifier Magnetic amplifier, relay or elec Repeat cycle: arovemiaae ts remy as single cycle on 
aan calle he dlc. abel cept the cycle is repetitive until stopped. 
valves, contactors magnetic 
chunks, etc 
Cypak tems? owetcne A DD mn 
vv i— Contactless limit switch. , ae 


. 
— —_ Fig. l6—Basic logic ele- * 


ments for ¢ ypak control 


placed. With conventional controls, relays had begun to 


give trouble after three months of machine operation. ga 
Tests have indicated that in every case the Cypak con a 


“ 


trol was 5 sec faster than conventional control per cycle wade ae HD sos DP eg 


Advantage of this shorter operating time has been taken Recctens ‘ted be. perth tobethep cndcdeus 


to slow down cylinder speeds slightly, in order to reduce directions, except cannot go beyond limit switches 


wear. 
In summarizing this experience, Mr. Newman ex yr 
pressed his opinion that the difficulty of working with a \ 


Cypak controls has been over emphasized. Although the 


original circuit was designed by Westinghouse, GMC Re-starting: If drive motor is stopped in mid-position 
manual or automatic operation in both directions 


engineers made a number of sequence changes on their : 
“ 1 © must be possible. 


own. Among the advantages cited for contactless static 
devices was elimination of the problem of dirt settling 
between relay contacts. Fig. 17 Bar-chart sequence diagrams of required modes of 
Designing a Cypak Control System. To illustrate operation for a drill-head motor—initial step of Cypak logic 


the application of Cypak to machine tool control, C. B control design 


big. 18 —-Cypak logic diagram for drill-head drive control 
Transformer to perform the modes of operation required for Fig. 17 
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Stadum, We stinghouse manage of general purpose con 


trol engineering, used the basic Cypak elements of Fig. 16 


to design an automatic feed control for a drill head 
Cycle 


reverse 


includes variable-speed down feed and rapid 


First step is a graphic representation of the modes of 


operation required, Fig. 17, using bar charts rather than 


relay schematic diagrams. The actual design begins with 


specifying that the system, Fig. 18, will include a control 


transformer, fuse, undervoltape relay and 


Relay 


protection 


“start” and “stop buttons for the entire circuit 


















big. 20 ~New Cypak logic 


element encapsulated in a 





block of polyester resin: 
terminals at one 
end, signal terminals at 


power 


top, logic diagram printed 
on side, Element plugs in 
to pre-formed power chan 
nel; reversing block re 
verses phase relationships 

















Cypak 
rocker-arm 
type (B) “proximity” type 


Fig. 19—Contactless magnetic 
limit switches for 
controls: (A) 


Switch “open” 


Ee ee 


Push on 
terminals 





Steel bor — 





Switch closed” 





contacts will start the spindle motor. A second emergency 
“stop” button is placed ahead of all Cypak components. 

Circuitry for feed operation can be incorporated at this 
point without concern for interlocking. But for reversing 
the feed motor, an engineering choice is necessary. With 
a-c motors one method uses reversing contactors and two 
amplifiers. For lowest cost, two preamplifiers and two 
pilot relays could do the reversing. But since speed con- 
trol is necessary and the feed motor is relatively small, 
a split-field direct-current motor can also be used. Mag- 
netic amplifiers, normally used for a-c, can be easily 
modified to produce full-wave single-phase direct current 
for such a motor. Governing factor is the frequency of 
use. For frequent operations, magnetic amplifiers rather 
than moving contacts should be specified, even where 
relatively large units are necessary. But for a few opera- 
tions, economics favor the low-cost preamplifier with a 
pilot relay 


Fig. 22—Power channel with 
several insulating spacers re- 
moved to show female ter- 
minals and copper bus bars; 
threaded inserts for hold- 
down bolts. 
































Fig. 21 (left)—-Compact in- 
ternal construction of Cypak 
element; all components dip- 
soldered to printed circuit 
board. 
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First step toward circuit interlocking is inclusion of 
a non-off-Memory circuit. It corresponds to holding con- 
tact on a relay. After the “up” pushbutton is pressed, the 


Memory circuit will continue the up operation. At the 


same time, pressing the “up” button removes the signal 
from the “down” circuit. To supplement the Memory 
circuit, AND circuits are also included so each motor 
field requires two signals for operation. 

Stopping the motor at each end of drill-head travel is 
achieved by two limit switches. To provide a signal when 
the drill head is at mid-position, limit switches are fed 
through signal-producing NOT circuits. At the end of 
stroke the signal from the proper limit switch will switch 
off the NOT circuit and reverse the Memory circuit 
Adding an OR element permits the Memory circuit to 
respond to the pushbuttons or the limit switches. 

Since several conditions require that an operation be 
stopped, a Memory circuit is added to the drill feed cir 
cuit to override other “on” signals. And, since the stop- 
ping signal must control both up and down operations, 
both start and stop signals will be applied through OR 
circuits. Corollary to stopping the feed motor: for start 
ing it, an OR circuit is provided to switch on the Memory 
circuit if normal “up” or “down” signals arrive. 


On single-cycle or repeat-cycle operation, pressing the 
master “stop” button will break the control circuit; the 
NOT circuit prevents further operation when the “stop” 


button is released. 

The logic cireuit can be verified in advance of final 
assembly by the use of a Cypak circuit simulator, con 
sisting of an assembly of standard Cypak elements inter 
connected by pal h cords. Toggle switches substitute for 
limit switches and pushbuttons 


Several different types of limit switches are suitable 


Fig. 24—Typical Cypak control 
using new elements, and power 
channel to simplify assembly, 
wiring and test. 
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Fig. 23—Logiec diagram doubles as wiring dia- 
gram by adding proper notation for terminal 
connection, phasing, ete. Channel mounting 
precludes need for power wiring diagram, 








for such an applic ation, either a modern contact-ly pe 
snap-action switch or one of two new contactless switches 
specifically designed by Cypak applications. If a contact 
type switch is employed, normally closed switch contacts 
will eliminate the need for two NOT circuits. The new, 
contactless arm-actuated switch, Fig. 19A, operates from 
an impedance change produced in an encapsulated re 
actor as a permanent magnet on the contact arm moves 
near to the reactor or away from it. With magnet in the 
position shown, the core is saturated. A new “proximity” 
switch, Fig 19B, has of itself no moving parts and, like 
the contactless limit switch, uses the impedance change of 
a normally saturated core becoming unsaturated. Nor 
mally, a magnet saturates the core but when a small steel 
bar approaches as on a table slide, 
flux is shunted away from the coil 
assembly and the resulting impedance 
change provides a signal change ca- 
pable of operating Cypak elements. 

To conform to NMTBA and JI 
Electrical Standards, the actual con 
trol equipment can be assembled in 
NEMA-12. cabinet. 


gasketed to exclude oil, with quarter 


a wall-mounted 


turn, screwdriver-type door fasteners 

Servicing Cypak Systems. 1.0 
demonstrate a method of trouble 
shooting Cypak controls for the over 
age electrician, D. L. Pierce, Westing 
house manager of control engineer- 


PP id 


ASSOCIATION 


ing, used the same drill-head control 
previously discussed as an example. 

The only test equipment necessary is a volt-ohm-milli 
ammeter or a recently developed Cypak phase tester. This 
instrument consists of two small meters in a single case, 
designed to distinguish between opposite phases. If wave 
shapes are desired, an os illoscope is employed. 

In case of failure, first step is to check line voltage, 
power supply voltages, relay, fuses, and 
amplifier output. This is done with a multimeter. But to 
indicate both signal voltage and phase relationships in 
the Cypak elements, the phase tester is used. As the test 
probe is moved from element to element with the power 
on, phase relation is shown by one of the two indicating 
meters. Readings can be compared with a chart of proper 
inputs and outputs to detect faulty elements. 

Contactless limit switches should be checked for proper 
functioning in full “on” or full “off” position. or sue 
cessively in both. If the limit switch feeds into a Memory 
unit, then the exact switching point can be determined 


low-voltage 


from the phase change in the circuit output. Otherwise 
only the final electrical output can tell exactly when the 
limit switch operates. 

“Packaging” Cypak. I’reliminary to the announce- 
ment of an improved method of packinging, mounting and 
wiring Cypak units, L. W. Golden, manager of the Di 
rector System Department, traced the development of 
Cypak control elements from hand-wired assemblies on 
insulating board. The year’s experience with Cypak, while 
proving its suitability as a relatively trouble-free and 
fast-operating control for complex applications, had shown 
up some tangible shortcomings: 

Cypak was built to withstand service on a machine, 
not the rigors of assembly and shipment. Earlier Cypak 


systems required too much hand wiring. resulting in 
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Specification for a Dream 
Machine (or What the 
Ultimate User Wants) 


. all cutting surfaces hidden 
guts on the outside for easy servicing 
accuracy to *+O0.00001 in. 


shipped in 30 days . . 


TELL BERNA 
Executive Vice President 
Nationat Macuine Toor Buroens’ 


high assembly cost, risk of wiring errors, and difliculty 
in checking out a control panel. It used space and some- 
times circuits inefficiently. It was too costly and there 
were no simple design conventions to assure that any 
wiring fault would result in failure in the preferred di- 
rection. 

lo overcome these shortcomings and improve reliabil- 
ity, Cypak elements are now packaged as rugged, potted 
“blocks” as shown in Fig. 20. Power terminals are 
grouped at one end to plug into a power channel, with 
signal terminals at opposite end for front wiring. Ter- 
minals are A-MP push-on type with a single male ter- 
minal for plugging into the power channel and twin male 
terminals to accommodate 
wiring. 

Supervisory engineer R. A. Clark, 
Jr., described the new modules as be- 
ing encapsulated in a 24%» x 2 x 


push-on-terminal signal 


1%, in. block of molded polyester 
resin plastics, color-styled a bluish 
green. For ease of wiring and circuit 
checking. a logic diagram is printed 
on the side. Terminal numbers and a 
phasing dot appear on the face. The 
latter aids in positioning the module 
in the power channel: unplugging the 
block, rotating it 
plugging it in the 


. €Ost not over 


180 deg and re- 
power channel 
reverses the phases. 

The internal construction, Fig. 21. 
has been compacted to conserve panel 
space. New selenium rectifier is a 
completely enclosed two-cell unit permitting greater flex- 
ibility and smaller size than the four-cell design formerly 
used, Magnetic elements are in toroid form. All compo- 
nents are dip-solder connected to printed circuit board. 

The power channel, Fig. 22, consists of a flat insulat- 
ing panel, eight copper bus bars containing 16 female 
terminals each and 16 individual spacer units—-one for 
each element to plug into. Channel is 25 in. long, 2 in. 
wide and can be cut to accommodate from one to 15 logic 
elements and the main power supply connections. Logic 
elements are plugged in individually, each locked in place 
with a hold-down bolt. The pattern of power terminals 
will not aceept signal terminals. 

lo provide more flexibility with a minimum number 
of unusued components, only one basic circuit is built 
into each block instead of the two previously included. 
New Cypak systems will consist of eight new basic logic 
elements. 

Demonstrating the ease of assembling and testing a 
Cypak control with the new-logic elements, P. G. Hanna. 
Director Systems supervisory engineer, went step-by-step 
through the construction of a typical control unit. Utiliz 
ing the markings on the new elements, the logic diagram 
can double as the wiring diagram, Fig. 23, by numbering 
the elements and showing phase relation, terminal num 
bers on the logic symbols and identifying numbers for 
signal wires (Compare with logic diagram of Fig. 18 
which cannot be used for wiring). A simplified assembly 
drawing showing location of phasing dots on logic ele 
ments will substitute for a power wiring diagram. Figure 
24 shows the assembled Cypak unit. The two power chan 
nels were spaced to provide an insulated wiring channel 
for the signal wiring. : 
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| Zirconium-Copper 


Fig. 1-—-Fully heat-treated 
chromium-copper commutator 


oss" Raises Level of 
Commutator Performance 





WEBSTER HODGE, Consultant DEMAND FOR SMALLER MOTORS and generators with in 
NoNrerRoUS Metatturcy Diviston creased output has created a need for new engineering 
7 SATTELLE Memoniat Institut materials capable of withstanding extreme operating tem 


Columbus, Ohi peratures Silicone-bonded mica has become available to 
PAUL W. NIPPERT. Presid: replace shellac-bond mica for tough commutator applica 
es: Mihara eadlatias a ( tions, and silver solder has replaced soft solder on the 
Columbus. Ohi irmature connections. Until recently, however, the fail 
ire of existin ommutator alloys to retain their strength 
it elevated temperatures remained a troublesome problem 
to the motor designer. Now it has been overcome by the 
development of a zirconium-copper alloy, which has 
demonstrated its superiority in applications where extra 


strength is required ind where the oOperatny temperatures 


exceed the annealing temperature of silver-bearing 


‘ Opy el 
High conductivity plus supertol Designated as N-4 by the Nippert Electric Produets Com 
pany, the new alloy is currently used in regular produc 
strength at elevated tempera a ee 
. tures demonstrate the superiority On test, an aircraft inverter was operated at tempera 
tures so high that the field and rotor windings burned 
o} this new commutator alloy out, yet the zirconium-« opper commutator remained solid 
© Othe noteu orthy ‘ harac teristics ind in wood condition Phe new alloy has also been sul 
cessfully used in a vibrator in which the commutator had 
include freedom from notch sen previously failed because of bending at the dovetails 


Motors for routers and handsaws. subject to severe vi 


sitivily and the ability to form bration, have also been fitted with zireonium-copper 
and maintain a permanent com commetatars for ineronsed ite. 

For many years, the development of small, high-speed 
mutation film. motors was limited by the low strength of substantially 
pure, hard-rolled copper commutators. Investigations 
showed that the strength of tough-pitech copper at high 
temperatures could be increased considerably without loss 
of electric conductivity by small additions of silver. The 


addition of 25 to 35 oz of silver per ton of coarse 


grained, hard-rolled copper extended the strength of 
commutators to prolonged exposures at 390 F and short 
time exposures as high as 750 F, 

{ p to World War II, this alloy was able to withstand 
higher temperatures than the best available 


insulating 
materials. When better insulating 


materials were devel 
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oped, however, commutator design was again held back 
by the softening of copper at elevated temperatures. Ex- 
perience indicates that 450 F is the highest operating 
temperature permissible for motors equipped with silver- 
copper commutators. 

Chromium-copper then was investigated and found 
suitable for commutators operating at or above 500 F 
(260 C). Use of this alloy also presented a number of 
problems. Chromium-copper is extremely difficult to cast 
into good, solid wire bar, and die wear in drawing is 
extremely severe due to the undissolved chromium and 
oxide stringers. 

Also, if used in the fully heat-treated condition, chro- 
mium-copper bars have a tendency to crack at the dove- 
tails, Fig. 1. To prevent cracking, it is necessary to 
heat-treat the bars and lower their hardness below the 
brittle stage. This operation is very critical since it is 
necessary to exceed the minimum recrystallization tem 
perature for a period of time that must be determined 
individually for each batch of copper and each bar size. 
It is also necessary to check the bar hardness before and 
after heat treatment. The loss of chromium-copper from 
both over-softening and from poor original casting runs 
from 10 per cent to as high as 80 per cent of the total 
metal processed. 

Prompted by the need for a more suitable high-tem 
perature commutator alloy, Nippert Electric Products 
Company sponsored a project at the Battelle Memorial 
Institute to develop an improved chromium-copper alloy 
or to develop a reliable new alloy, free of manufacturing 
and processing difficulties. Of the many alloys tried, cop 
per containing about 0.25 per cent zirconium appeared 
to be the most promising and, in many cases, proved to 
be superior to silver-bearing copper. 

Commutator segments are subject to stresses from the 
forces exerted by the clamping or V-ring, Fig. a and 
from the centrifugal forces generated by high speed rota- 
tion. Increasing temperatures decrease the ability of the 
segments to withstand these stresses. In extreme cases. 
the increased temperature causes the metal to deform and 
bars to be thrown out. Even bar movement of a few 
ten-thousandths of an inch will cause excessive brush 
wear. If the metal remains hard, but loses strength and 
ductility, the crack. Failure of any 
segment, either by excessive deformation or by cracking, 
will cause complete motor failure. 

Testing Methods. Jo evaluate the strength of the 
new alloy, both tensile and creep-rupture tests were per 
formed. In the tensile 


segments may 


test, the metal is loaded at a com- 
paratively rapid rate to failure. In the creep-rupture test, 
delayed failure is brought about at lower load levels. 


Bec ause 


some metals exhibit 


great sensitivity to 
notches, accidental scratches or a designed notch such 
as thread on a bolt, both notched and unnotched speci- 
mens were used for each test, Fig. 3. In most cases, metals 
are weakened by a very sharp notch. Some of the more 
ductile metals, actually exhibit 
strength as the notch becomes sharper. Also, since the 
properties of most metals vary with rolling direction, 
specimens for each test were taken from both the paral- 
lel-to-rolling and transverse-to-rolling directions. 

When stress is applied to a notched bar, the unstressed 
metal at the sides of the notch 


however, increased 


restrains the otherwise 
uniform elongation of the stressed central section, and 


deformation is limited largely to the immediate region 
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Fig. 2 


Typical commutator installation. Segment failures can 
be traced to weakening of alloy at high temperatures and 
combined stresses caused by centrifugal forces and axial 


loading of V-ring. 


Notched and 
mens used during tensile and stress-rupture tests. 


Fig. 3——(right) unnotched  speci- 


of the notch. If the metal tends to be brittle, the stress 
concentration produced leads to early failure of the speci- 
men. Notched bars were used in the rupture tests to 
indicate the properties of the metal that could be expected 
in a commutator. 

Some mechanical properties of the N-4 alloy, both at 


es “I yoo 
room temperature and at 550 F (288 C), 


are shown in 
lable J. These properties were determined after the alloy 
had been given the proper amount of cold work and 
heat-treatment to produce the hardness noted. For com- 
parison, the properties at 550 F of silver-bearing copper 
and of chromium-copper at the usual hardness levels are 
shown in Table II. The electrical conductivity of the three 
commutator alloys is shown in Table III. 

Phe softening temperatures of both cold-worked and 
aged N-4 alloy and of commercial chromium-copper, 
after exposures of 4 hr. is about 930 F (500 C). Silver- 
bearing copper (25 oz per ton) softens from 600 to 625 
F (315 to 330 C). In service. commutator segments are 
usually exposed to lower temperatures; cumulative ex- 
posure times, however may be much longer. 

During motor rotation, the stresses set up by cen- 
trifugal force are transverse to the direction in which the 
commutator bar is rolled and are also across a notch 
that constitutes part of the commutator design. These 
centrifugal forces may be augmented by slight distortions 
resulting from the heavy compression forces exerted on 
the ends of the segments by the locking rings. Since the 
thermal expansion of copper is greater than that of steel, 
the assembly compression forces become greater when 
the temperature rises. In general, cracks in segments of 
chromium-copper commutators invariably appear to have 
been tensile failures in the transverse-to-rolling direction. 

Rupture tests were made to determine the strength of 
the commutator alloys under extended loading times at 
elevated temperatures, Table 1V. As indicated, the rup- 
ture strength of all of the alloys decreased at the elevated 


temperature. Silver-bearing copper exposed to 550 F (288 
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Rolled plate 


0. Porallel specimen 
b. Transverse specimen 







Reduced section 
centerless ground free 
of scrotches 


Root radius, 
0.010." Notch to 
be polished, free 
of transverse 
scratches 


¢. Typical tensile- or stress-rupture specimen 
@. Typical notched stress-rupture specimen 


C) for 100 hr or more was permanently damaged and 
lost much of its strength. Chromium-copper evidenced 
great notch sensitivity, although it retained considerable 
strength in the parallel-to-rolling direction. In the trans- 
verse-to-rolling direction, the rupture strength was ap 
proximately that of softened silver-bearing copper. 
Chromium-copper did not soften permanently. 

Quite different results were obtained with the N-4 
zirconium-copper alloy. First, the notches strengthened 
the N-4 alloy bars that were loaded in either direction, 
transverse or longitudinal. Second, specimens loaded in 
the transverse-to-rolling direction were stronger than cor- 
responding specimens loaded in the parallel-to-rolling 
direction. Unnotched N-4 bars, after 500 hr of sustained 
loading in the longitudinal direction at 550 F retained 
76 per cent of their original tensile strength. Under each 
of the conditions of loading, they were still stronger. 

It can be noted also that the time-rate of loss of strength 
of the N-4 alloy was very much less than the other two 
alloys. No failure has been reported of any N-4 alloy 
commutator segment in service. 

Another property of primary importance is the ability 
of a commutator alloy to develop and maintain a com 
mutation film. Commutation tests, made by several motor 
and generator manufacturers, show that brush life (both 
at sea level and at high altitudes) on N-4 alloy commu- 
tators is at least equal to the brush life on similar com 
mutators of silver-bearing copper or chromium-copper. 


(Continued on page 354) 
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Table I—Typical Mechanical Properties of 
Zirconium-Copper Alloy, N-4 


75 F | 550 F 
Specimens taken in parallel-to-rolling direction | 
Hardness, Rockwell B 64 | 
Tensile strength, psi | 53,500 | 42,000 
Yield strength, 0.2°%, offset, pel 60,600 40,000 
Proportional limit, pst 19.000 | 
Modulus of elasticity, pel 18,700,000 | 
Elongation, % in 2 in 10.6 7.6 
Reduction in area, %% } 44.3 
Specimens taken in transverse-to-rolling direction 
Hardness, Rockwell B 66 | 
Tensile strength, psi | 44,000 
Vield strength, 0.2°%, offset, ps! | | 41,600 
Elongation, % in 2 in | 6.6 


Table !l—Typical Mechanical Properties of 
Silver-Bearing Copper and Chromium-Copper 
at 550 F (288 C) 








| 
Silver-bearing | 
copper j Chromium copper 
Hardness, Rockwell 8 (at room temp | 61 62 
Parallel-to-rolling direction 
Yield strength, 0.2°%, offset, psi 28 ,000 46 000 
Tensile strength, pel 35,000 | 60,000 
Reduction of area, “7 } 42.5 4 
Elongation, % in 2 In 12 | 7 
Transverse-to-rolling direction | 
Yield strength, 0.2°%, offset, ps! | 31,000 41,000 
Tensile strength, psi | 36,000 47 ,000 
Reduction in area, | 25.5 6 
Elongation, % in 2 in 8 3 


Table tli—Electrical Conductivity of Copper Alloys 
at 68 F (20 C) 








Per cent 
International Annealed Copper Standard 100.0 
Silver-bearing copper, Rockwell 61 6 97.0 
Zirconium-copper, (0.25°), Zr) Rockwell 68 B 05.8 
Chronium-copper, (0.8%, Cr) Rockwell 62 B 62.0 


Table 1V—Typical Rupture Strengths of 
Commutator Alloys at 550 F (288 C) 








After 100 hr, pal | After 600 hr, psi* 


Unnotched Notched | Unnotched Notched 
Parallel-to-rolling direction | 
N-4 alloy 34 000 37,600 | 32,000 36 600 
Chromium-copper 36 000 26 000 32,600 23,500 
Silver-bearing copper 17,600 15,600 10,500 v9 
Traneverse-to-rolling direction } 
N-4 alloy 38 000 41,500 36 600 38 600 
Chromium-copper 18,600 17,000 13,000 12,000 
Silver-bearing copper 20 000 16,600 14.000 nsieti 
*Va xtra test ' g upt } 
oon t reng x f alter ] and d 
***Ruptur 8 sima 00 pal after 3 and decreasing 
. ! b f i Ps t after “ ’ 
Pi te ' ng 





SERVO SERIES “™ 


Designing Servos 
by the Phase-Plane Method 


Being applicable to over 95 per cent of 
all servo systems. the phase plane meth 
od is one of the most universal of the 
analytical tec hniques. Herein, the mean 
ing and use of phase-plane diagrams are 
explained, as are the four methods for 


constructing them. 


Schematic diagram of a simple undamped linear servo 


big - Mep response of a 
simple undamped linear servo 


IRA RITOW, Principal Dynamics Engineer 
Rerustic AVIATION CORPORATION 
Farmingdale, N. Y 


THE PHASE-PLANE METHOD consists of plotting the step 
response of a servo, not as displacement vs time, but as 
velocity vs displacement. This is repeated for a wide 
variety of step amplitudes, These curves are called “phase 
trajectories” and their graphs when drawn on a single 
sheet are referred to as the “phase portrait.” The velocity 
vs displacement plane is called the “phase plane.” It 
should be clearly noted at this point that “phase” in this 
use does not mean “phase angle’: nor is there any rela 
tion between the phase portrait, or any of its « omponents 
and “phase shift” as defined in linear servo frequency 
responses, 

An examination of the phase portrait clearly shows if a 
servo will be stable or unstable. A few simple examples 
will now be given to illustrate the phase-plane methods. 

Analysis of a Linear Undamped Servo. Let us 
assume a servo such as shown in Fig. 1, examine its phase 
portrait and discuss any implications to be found therein 
This simple servo contains no damping (having neither a 
viscous damper nor friction). The motor torque is pro 
portional to the error «, and this torque accelerates and 
decelerates the load inertia in an effort to keep output 
shaft displacement 4, equal at all times to shaft dis 
placement “). 

Let us assume that the input and output shaft displace- 
ments are both initially at rest at a displacement of +- 10 
radians and that the input shaft is suddenly returned to 
zero position. The result is conventionally shown in Fig. 2. 
The output shaft is driven toward zero position by the 
motor, but by the time it reaches zero, the momentum of 
the load carries it beyond zero. Before the motor torque 
(which reversed sign at zero) can decelerate the load to 
a standstill, the output displacement is 10 radians and 
the same process now starts over in the opposite direction. 
Thus, the load oscillates indefinitely. 

Figure 3 shows the information of Fig. 2 in a different 


form, the phase-plane diagram. Here, load velocity is 
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Reprints of Servo Series Now Available 


The five-part series on the fundamentals of servo 
mechanism design and analysis is concluded in this issue 
It was initiated some months ago with the knowledge that 
the servo art had begun or was about to begin to have 
4 profound influence on a broad segment of the product 
design field. The reasons for such influence were logically 
clear: All machine controls are approaching (however 
remotely) the human mode of control; servo techniques 
most closely resemble this human mode; ergo, all ma 
chine controls are borrowing or will borrow from servo 
technology. 

As we faced the situation at the outset, many of our 
readers were servo sophisticates, being members of 
the vast endeavor of military computers. Others of our 
readers were neophytes in regard to servos, although 
they did recognize the great importance of servo tech 
niques. The problem then became one of conveying 
information from one field of readers (the sophisticates) 
to another (the neophytes). Unfortunately, the solution 
to this problem is not as simple as it may appear, since 
the servo expert talks and thinks in a language that is 


plotted as a function of load displacement. The result is 
oval a-d-c-b-a. The arrowheads in the diagram show the 
direction of increasing time on the path. Notice that the 
oval continues to retrace itself endlessly, indicating a sus 
tained oscillation. The results of many similar tests are 
shown in Fig. 3. Each curve shows the excursions of out 
put velocity and displacement for different initial con 
ditions. 

In each case the input is at zero position initially and 
the output is at some displacement, or velocity, or com 
bination of the two, for the curve can be thought of as 


“starting” at any point in the phase-plane. Therefore, the 


Fig. 3 


somewhat f reign ¢ engineer spec ialized in other fields 
»f endeavor 

The fact that we were able to present the servo series 
at all is the result of a search we made among the so 
phisticates for an author that thought in terms of servos 
but who could speak so as ¢ be understood by men 
designing industrial drives and controls. We think we 
made a good choice in Ira Ritow, who is both a serv: 


{in charge of the 


engineer Electrodynamic Analysis 
Group of Republic Aviation Corp.) and a teacher (on 
the graduate-department faculty at Adelphi College) 
In his five articles, Mr 


give the reader a training in fundamentals broad enough 


Ritew has written carefully to 


in scope and in sufficient detail to qualify him to design 
simple servomechanisms. The series has presented the 
most commonly used design methods, which fortunately 
do not require the most advanced mathematics 

Available right now is a single reprint combining all 
five articles in the Servo Series. Copies are priced at 
$1.50 each. Lower prices will apply to quantity orders 
For ordering instructions, please turn to page 288 


phase-plane presents the entire history of displacement 
and velocity starting at any set of initial values of output 
displacement and velocity with the input at zero at all 
times 

The arrowheads in Fig. 3 could have been left off be- 
cause above the horizontal axis, the load has a positive 
velocity which means displacement must increase with 
increasing time and below the horizontal axis, displace 
ment must decrease with increasing time. For that reason, 
the arrowheads are often omitted from phase-plane dia 
grams. It is suggested that the reader compare Figs. 2 and 


$ in detail to develop a feeling for the phase portrait 


Viscous Lood 
damper —inertio 


Phase-plane diagram of a sim 


ple undamped linear servo 


big. 4 


Normalized 


phase-plane dia 


gram of simple undamped linear servo 


Fig , 
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di splocermnent 
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Schematic 


portrait of 


diagram of simple 
damped linear servo 


simple 


damped linear servo 





Fig. 7—Schematic diagram 
of simple linear servo 


with negative damping 


hig. &8—Phase portrait 
of simple linear servo 


with negative damping 


It is interesting to note that the phase trajectories of 
This is 


{ although exceptions 


fiy. 3 all cross the horizontal axis at right angle s 
essential in any phase trajectory 
will be discussed later) as in the re vion of « rossover, suc h 
as at points a or ¢ the output ve locity is approa hing ZeTo 
and at zero velocity there is no change in displaceme nt as 
time increases. If there is no change in displacement 


during a small period the tr ijectory must be perpen 
dicular to the horizontal axis 

The trajectories can also be drawn to a particular scale 
which has the advantage of display ing the energy stored in 
the load at all points on the trajectory. That scale will now 
bye developed 


In the undamped linear servo of hig | the load has 


kinetic energy given by 


hy I J # ° 
/ kinetic energy i erg 


J «load rotary inertia in gram-cu? 


0 load velocity in radian ro 
and the load has potential energy given by 


hy=1/2 J 02 
where Ih. potential energy in ergs 


and 6, ~load displacement in radian 


hig. 9—I qual time seg 


ments in the phase plane 


These equations can be derived by integrating the work 
returned by the load to the motor when the load displace 
ment reduces to zero from the given displacement. If the 
scales are so chosen that the distance representing | 
radian of 4 also represents 1 radian/sec of 9, the 
trajectories are cire les.’ as in Fig 1. and the total energy 
in the load, riven by 


i J (62 4-6,7) 


is proportional at any point in the phase-plane to the 
square of the distance from the origin. In the undamped 
linear servo, the energy along any trajectory is con 
stant. When the phase portrait is normalized as in Fig. 4, 
this condition can be seen by the fact that along any 
trajectory the distance from the origin is constant. If 
the servo were stable, the energy in the load would de- 


crease to zero, at which time the load would be at rest at 


zero displacement and all the trajectories would spiral into 


the origin. This result could be achieved in the servo of 
Fig. 1 by adding damping as shown in Fig. 5. The re 
sultant phase portrait is shown in Fig. 6. 

If negative damping were added, the servo would be 
unstable and the phase trajectories would all spiral out 
away from the origin as the load energy increased. The 
physical system that would perform in this manner is 
shown in Fig. 7. A tachometer has been added to the feed 
back and connected in such sense as to cause the motor 
torque to increase in the direction to aid any velocity 
existing in the system. The resultant phase portrait is 
shown in Fig. 8. In this case load oscillations build up 
indefinitely and load energy does too. 

Unfortunately, in the phase portrait of a non-linear 
servo, there is no simple relationship between energy and 
distance from the origin and so energy concepts in the 
phase-plane are limited to linear systems and now and 
then to a particular non-linear system. 

Just as a curve of displacement vs time contains in it 
all necessary information for a plot of velocity vs time, 
the phase-plane diagram contains the displacement vs 
time plot information. A simple construction permits 
placing graduation marks on the phase-plane plots which 
indicate even time intervals. Such marks have been placed 
on one of the curves of Fig. 3. 

Figure 9 shows the basis of making time graduations 
on the phase plane diagram. The double-ended arrows 
all represent equal periods of time because at any given 
velocity, the displac ement that will oceur in a spec ifie unit 

of time is proportional to the veloc- 
itv. This suggests the construction of 
Fig. 10 where a phase trajectory is 
shown dotted and six different time 


Notice 


that the time guides in each case 


guides have been drawn in 


represent the same period of elapsed 


4 time on a trajectory from the time 


displacement the trajectory crosses one leg of the 
guide at b to the time it crosses the 
other leg of the guide at a. The time 
guide most conveniently used for any 
trajectory depends on the shape of 


the trajectory. 


Fig. 10-—-Construction necessary to place 
time marks on the 


phase plane plot 
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As an aid to getting a feeling for phase trajectories, the 
displacement vs time curves of Figs. 2, 11 and 12 should 
be studied and compared with their corresponding phase 
portraits, Figs. 3, 6 and 8. 


The Design of a Servo by the Phase-Plane 
Method. It is well to discuss at this time the use of the 


phase portrait in non-linear servo design. First, a servo is 
assumed; second, a phase portrait is derived and drawn: 
third, the phase portrait is examined to determine if the 
servo is stable. If the servo is unstable, it is necessary 
to determine what could be changed to make it stable and 
to predict the amplitude and frequency of bounded oscil 
lations if they occur. 

Before taking up the derivation and interpretation of 
the phase portrait, it should be pointed out that the phase 
plane method of analysis is limited to servos containing 
elements that are linear or non-linear functions of dis 
placement, velocity and acceleration or combinations 
thereof. This “limits” the phase-plane method to 95 per 
cent of all servos. If, for example, the servo contained an 
element which developed a torque proportional to jerk 
(jerk is the time rate of change of acceleration and is the 
next higher time derivative in the displacement—veloc- 
ity—-acceleration series), then the phase plane method of 
analysis could not be used for that servo. 


Deriving The Phase Portrait 


‘| he phase portrait can be derived by three general 
methods. Since it is a composite of many sample trajec 
tories, the following methods describe the derivation of a 
single trajectory and this process would have to be re 
peated to determine other trajectories until a sufficient 
array was determined, The description of the methods 
will be followed by examples. 

Method |: Direct Equation Solution. |he most 
straight-forward and least useful method of plane trajec- 
tory determination is to write the differential equation of 
servo output-shaft displacement for the case of zero input 
displacement and solve this equation for 4, as a function 
of time. Then, the equation for 4, is differentiated with 
respect to time to determine the velocity vs time equation. 
Sample values of time are inserted in each of the latter 
two equations and sets of corresponding values of load 
displacement and load velocity are then plotted on the 
phase plane. The locus of these points froms one trajec 
tory. The disadvantage of this method is that it requires 
solving a non-linear second-order differential equation. 

Method II: Derived Equation Solution. Let th: 
original differential equation of output load displacement 
vs time be replaced by a new equation which consists of 
Where 


Bé., Co, 


the original equation divided by load velocity, %- 
the original equation had such terms as 44, 
and D, the new equation will contain corresponding terms 
of A4,/6., B, CA,/6e and D/4.. Since 


6, =d0/dt 
0 d é./dt 


can be rewritten as 
1d6,/dt +d6, /dt 
144. /dé 
The terms in the new equation now become 44 dO, 
B, C60/4., and D/#- If % is thought of as the de 
pendent variable and 6, as the independent variable, the 
resultant equation is a simple first order differential equa 


tion which is relatively easy to solve, giving % as a 
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Fig. ll—-Step response of 


simple damped linear servo. 
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Displocement 


big. 12--Step response of simple 
linear servo with negative damping 


& 


splocement 


function of 4 as its solution. This solution is then directly 
the equation of a trajectory 

Method Ill: Method of Tangents. Ihe easiest 
method to use is the method of tangents, This method 
consists of deriving the tangent to a trajectory at many 
points in the phase plane. Curves drawn tangent to these 
tangent lines must then be phase trajectories 

To determine a tangent, if 1s necessary only to deter 
mine the acceleration of the load. Acceleration of the 
load, which is an inertia, is proportional to the net torque 
on the load, lollowing this chain of reasoning backward, 
a tangent is determined as follows: first, a velocity and 
displac ement of the output shaft are assumed. This picks 
the point on the phase plane for which the tangent will be 
calculated. Knowing the velocity, the torque on the load 
shaft due to any friction or damping devices can be cal 
culated. Knowing the output shaft displacement and that 
the input shaft is at zero position, the servo error and its 
resultant motor torque can be calculated. The load accel 
eration is then the net torque divided by the load rotary 


inertia. Since acceleration is 44./dl and 6.=d0./dl,  mul- 
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Fig. 13-—-Construction of phase portrait by method of tangents 
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hig 14 


undani pe d servo for problem illustration 


Schematic diagram of simple 


tiplying acceleration dé. does 


He nee 


not change its value 


dt 
lherefore, as the velocity was assumed initially and the 
acceleration has been derived d§,,/d0 is now known 
Of course, ¢4./dé. is the slope of the phase trajectory, 
13 shows the 
construction of a phase trajectory from tangents and illus 


and so the tangent is determined. Figure 
trates the one weakness in the tangent method. This is 
that if the trajectory is a spiral that is almost a circle 
a slight error in construction could lead one to conclude 
that a stable system is unstable or vice versa. 

Method !V—Method of Isoclines. A first cousin to 
the method of tangents Is the isocline construction method. 
An isocline is a line that connects all points where the 
tangent has the same slope. A network of such lines gives 
the value of the tangent slope at any point in the phase 
plane Basically, this method is the same as the method 
of tangents described above 


Examples of Derivation 


The following examples show the application of each 


of the four methods to the derivation of a phase trayes 
tory of the 


In this servo, the 


simple undamped servo shown in Fig. 14 


motor torque is proportional to the 


error « and is not affected by velocity 


~~ - 
— 


Fig. 15—Construction of phase por big. 16 


trait by direct equation solution 
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Construction of phase por Fig. 17 
trait by derived equation solution 


Method |: Direct Equation Solution. |{ the input 
shaft is at zero position (the phase-plane condition), 


error « is ~4 and the motor torque Is equal to Ze or 


The load accel 


25 9 dyne-cm, where 4 is in radians. 


eration is % and is given by 


J 6 Tl 

/ =the load inertia = 100 gm-cn 
output shaft acceleration in radian 

Pnec = et torque on load in dyne —em 


“7 


rom the above, 100 6 


100 4 ,00 6 i) 


calculus, this equation has the solution 
4 1/2 V, sin 21* +X, cos 2 
#, =load displacement in radians 
\ the initial output velocity in radians/sec 
initial output displacement in radians 
f=time in sec 


onsequently 


4 V, cos 21—2X, sin 2 
0 load velocity in radians per sec 


set of initial conditions are now selected, such as 
\ | radian and } 


ity and displacement are evaluated at different values of 


0. and the expression for velo« 


time in these equations to give the coordinates listed in 
lable I. 

These points are plotted on the phase plane as shows 
in Fig. 15, in which the cireled points are the points 
calculated. Continuation of the process would give the 
solid trajectory shown. Selection of other initial condi 
tions and continuation of the process would give othe: 
locii, a few of which are dotted in Fig. 15. 

Method II: Derived Equation Solution. The output 
shaft differential equation of the servo of Fig. 14 was 
derived in the example of Method I to be: 


100 6,4-400 6 
dividing by 6, gives 
100 6,/66 + 4000, /6, 0 


but as explained previously 6,/0, =dé,/dé 


Substituting and dividing by 100 (for convenience) gives 
dé 


dé 


Lood 
displacement, 
radians 


Construction of phase 
portrait by method of tangents. 
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Table I—Trajectory Coordinates by Direct Equation Method 


Time, sec 0 0.1 


0.2 0.3 


0.92 0 


0.4 0.5 


Load displacement, radians 1 0.98 0.54 


Load velocity, radians per sec 0 0.4 0.78 | 1.44 1.68 


Lhis is an equation of the form 


which has as its solution, 


where C is an arbitrary constant. ‘To check the solution 


dy /dr =(¢ px?) -§ (4) (— 82) 
(( ,r*)? ( +r) 
1 


‘<) 


Lherefore 


, in this case 


6, = (¢ ,0,*)* 


Selecting a value of C, say ( I. 


lable II. whic h 


These points are cire led in hig. 


the 


trajectory 


leads to set ofl 


values of 4 vs % in form a 
16 and the solid curve is 
their phase trajectory. The dotted curves show the re 
sultant phase trajectories for some different values of C 
Notice that these phase trajec tories are the same as those 
derived by Method I. 

Method Ill: Method of Tangents. Ihe output shaft 
differential equation derived in Method I is again divided 
by % and reduced to the form 


dé 


dé 
In this case, however, the equation is interpreted as 
stating that the slope of velocity vs displacement at any 
point in the phase plane is equal to 14 times the quotient 
of displacement at that point in the phase plane divided 
by velocity at that point. A chart is now constructed giving 
an array of values of slope for different points in the 
phase plane as listed in Table III. 

These slopes are then drawn as short marks indicating 
the direction of the tangent of any phase trajectories at 


each point. By sketching an array of trajectories tangent 


LSP EUD EAD EDA LE a 8 


Slope of phase trajectory tangs 


Slope of corresponding 
big. | 


portrait 


metruction of phase 


method of isocline 


Table li—Trajectory Coordinates by 
Derived-Equation Method 


0.6 


0.36 


1 


cee 


Table IiV—V 
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Load 
inertia 


Fig. 19—Schematiec diagram of un 


damped servo with speed limiting 


Load — 


lisplocement 


damped servo with speed limiting 


portrait of un 


to these marks, the portrait ts constructed 
Fig. 17). Notice that a slight sketching the 


trajectory might cause the construction of a spiral instead 


phase 


(see 
error in 
of concentric cire les and so preal care in construction 1s 
necessary in this method 

Method IV: Method of Isoclines. 
the method of the method of 
cline 


An 


isO¢ lines, 


offshoot of 
Iso 
line 
connecting points at which the slope of the trajectories 


tangents 1s 


means 


“constant slope and isocline is a 


an 


has a particular constant value. For example, in the un 


damped linear servo under consideration, the equation 


for the slope of the tangent to a phase trajectory at any 


c radian 


~ wanes ee 


alues of Slopes for Method of Isoclines 


t A { 4 ~1 
V/A 10 4 





Fig. 21—Schematie diagram 
of simple servo with negative 
damping and speed limiting. 


Lood 
inertia 


[Fertoner 


Fig. 22 (below) — 
Phase portrait of sim- 
ple servo with negative 
damping and speed 
limiting. 


velocity 


ots “ ner} 


displocement 


hig. 23) Schematic diagram of 
simple servo with negative damp 


ing and position limiting 


’t (left) 


Phase portrait of 
servo with negative 


damping and postition limiting 


I ig 25 (below) Steady state 
waveforms of servos with nega 
tive damping and either position 


limiting or speed limiting 


point in the phase plane was derived in the preceding 
section to be: 


dé, 


d6, 


Suppose we consider all points at which the phase trajec- 


tory slope is a constant, A. Then, for these points, 


d6,/d0,=A 49,/0 


6,=(—4/A)6 


which is the equation of a straight line drawn through 
the origin whose slope is 4 A, ‘J herefore, if an array 
of lines or isoclines is drawn through the origin, the 
value of the slope of the tangent to any trajectory at the 
point where it crosses the constructed isocline is a known 
value 

In Fig. 18 an array of isoclines has been drawn. Hatch 
marks on each indicate required phase trajectory tangent 
directions. A few trajectories are sketched in. The prep 
aration of Table IV preceded the construction of Fig. 18. 
The same difheulty of accurate construction accompanies 


this method as the method of tangents. 


Examples of Phase Portraits 


Once the phase portrait of a servo is drawn, it must 
he interpreted. To develop some facility in interpretation 
of phase portraits, a few simple examples will be dis- 
cussed and then phase-trajectory patterns of particular 
interest will be analyzed. The following examples will 
also illustrate the effect of some common non-linearities 
on servo performance. 

Speed Limiting. [et us assume that the undamped 
linear servo initially considered, Fig. 1, had a governor 
built into the servo motor such that the top speed was 
limited. The schematic is shown in Fig. 19 and the re 
sultant phase portrait in shown in Fig. 20. Notice that 
the phase portrait has had its bottom and lop sliced off 
ata particular speed. The reason is that any velocity above 
a stated magnitude cannot exist. If the initial value of 
output velocity and output displacement lie within the 
dotted circle, the system oscillates just like the undamped 
linear system of Fig. 1. If, however, the initial conditions 
lie outside the dotted circle, the servo output builds up to 
maximum speed, the output shaft displacement decreases 
to zero and at that moment the output starts ose illating 
indefinitely, following the dotted phase trajectory. Notice 
also that if the servo output is initially at rest at zero dis 
plac ement and zero velocity, it will remain there. 

Speed Limiting With Negative Damping. f igure 
21 shows the schematic of a servo with speed limiting 
ind negative damping. Negative damping means that the 
tachometer has its output so connected that an increase 
in output shaft speed causes a motor torque that tends 
to increase the speed. This results in a phase portrait such 
is shown in Fig. 22. The effect of the negative damping 
is to cause the servo output to end up following the 
dotted trajectory regardless of initial conditions. The 
only effect initial conditions will have is to determine the 
Linn required for the system to settle to its steady-state 
oscillation. 

Position Limiting With Negative Damping. |: 
ure 23 shows the schematic of a servo with negative damp 


ing and position limiting. ‘The 


phase trajectory of the 


steady-state oscillation that results is shown dotted in the 


ELECTRICA 





Coulomb Load 
friction inertia 





phase portrait shown in Fig. 24. In this case the phase 
portrait is similar to the speed-limited, negative-damped 
case of Figs. 21 and 22 except that the portrait appears 
shifted by 90 deg. As a perfect output sine-wave oscilla 
tion would appear on a phase portrait as an ellipse or 
circle, it is apparent by comparing Figs. 22 and 24 that in 
the speed-limiting case there is distortion in the high 
speed, zero-displacement region and in the position 
limiting case the distortion occurs in the high-amplitude, 
zero-velocity region. 

Figure 25 shows the wave forms of displacement vs time 
of the steady-state oscillation for the servo with negative 
damping for both speed-limiting and _position-limiting 
cases. Notice that the distortion is different and that in 
the speed-limiting case the distortion is more visible on 
the phase portrait than it is in the waveform of Fig. 25 

figure 26 shows the schematic diagram of a linear 
servo, undamped except for coulomb friction. The phase 
portrait is shown in Fig. 27. This phase portrait was 
formed by shifting the upper half of Fig. 3 to the left and 
the lower half to the right. This shift in phase trajectories 
is due to the fact that for a positive velocity, the coulomb 
friction torque (which is always in a direction to decrease 
velocity) is in a direction to decrease displac ement and so 
the total torque (motor torque plus coulomb friction 
torque) available to decelerate the load has the value 
formerly associated with a large displacement. As the 
coulomb friction direction reverses for a negative velocity 
but maintains the same magnitude, the shift of the phase 
trajectories below the axis is an equal amount in the 
opposite direction. 

Figure 28 shows the development of the phase portrait 
of the simple servo with coulomb friction from the phase 
portrait of an undamped linear servo. Fig. 28(A) shows 
the motor torque applied to the load in the case of un 
damped linear servo for all points on the phase plane 


The length of the arrow shows the magnitude of the torque 


Fig. 26—Schematic 
diagram of simple 
servo with « yulomb 
friction. 


Fig. 27—Phase por- 
trait of simple ser- 
vo with coulomb 
friction. 


Fig 28 Develop 
ment of phase por 
trait of simple ser- 
vo with coulomb 
friction 


and the direction of the arrow shows the direction of the 
torque. Note that the motor is proportional to load dis 
placement ( proportional to error signal) and directed 
toward the zero displacement axis lig 28(B) shows 
the coulomb friction torque on the same type of diagram 
In this case the magnitude of the torque is constant and 
its direction is in opposition to the velocity. Fig. 26(C) 
shows the sum of motor torque and coulomb friction 
torque throughout the phase plane showing that the force 
pattern. Hence, the phase portrait is shifted by coulomb 
friction as described above 

In Fig. 27, the darkened line segment at the center 
contains all the final rest conditions of the servo. Notice 
that the exact final displacement value depends on the 
initial displacement. The phase plane diagram in this 
case gives a very clear picture of what determines the 
final rest value of output displacement. The apparent 
damping of the servo (as judged by the number of over 
shoots) is dependent upon initial output displacement 

Singular Points. A singular point 18 a point in the 
phase portrait that represents a rest position; that is, a 
point at whi h velocity and acceleration are zero. As 
such points are indications of stability or instability they 
ire of extreme interest and a familiarity with them is a 
necessary tool for the non-linear servo designer. 

Figure 29 shows a “center” at points a and b. A center, 
like all other singular points must, by definition, lie on the 
zero velocity line. It is not necessary for centers to occur 
in pairs as shown. Note also that the servo will not in 
general come to rest at a center but will oscillate around 
it. If the output shaft is displaced to a center however, it 
will rest there indefinite] 


Figure \) shows two cases of another singular point 


the focus. In the vicinity of a stable focus, all trajectories 
lead toward the focus. This means that the output comes 
to rest at the same displacement for a variety of initial 


displacements. The unstable focus is similar to the stable 
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> 


displacement 


displocement 


Fig 3) 


Fig. 29--Phase portrait of a center 


hig. 30—Phase portraits of focii 


hig. 31 


Load 


aisplocement | ig 29 


? 


Phase portrait of a saddle point 


32. Phase portrait containing a saddle point 


big. 33 Origin of the saddle point 


| 
Fig $0 (6) 


focus except that all paths lead away from the focus 
Although it is conceivable for the output displacement 
to remain at the unstable focus once it is placed there, 
the likelihood is about the same as that of a pencil stand- 
Ing on its point unaided. So for all practi al purposes, the 
trajectories in the vicinity lead to larger and larger oscil- 
lations and this is indeed instability; hence the name 
“unstable focus.” 

Another singular point of interest is the saddle point, 
shown in Fig. 31. Point a is the saddle point and it has 
several features which make it unusual. First of all, it is 


the intersection of two trajectories, something that has 


$+ Phase portraits of nodes big. 35 


CO wee 


Fig. 33 


"ee ao 


not appeared up to now. Second, it is a point at which 

trajectories both converge. Third, it is a case in which 

trajectories cross the zero velocity line at other than a 

right angle. A saddle point, like an unstable focus is a 

point of instability even though it is barely possible for 

the output shaft to come to rest at the saddle point. The 

phase trajectory lines that cross the axis at an acute angle 

are paths on which the velocity reduces in the neighbor 

hood of the cross-over point so that on the approach 

paths to the point, for example, the output shaft reaches 

the saddle point asymptotically, moving more and more 
slowly as the point is approached. 

A better understanding of the na- 

ture of a saddle point is seen if a 

larger area of phase portrait that con- 

tains a saddle point is shown. In Fig. 

32 such a possible portrait is drawn. 

Note that there are two centers, at 

b and c, and that the saddle point 

a and the trajectories that intersect a 

form boundaries between phase tra 

jectories which circle one or both 

centers. The existence of a_ saddle 

point usually indicates a boundary 


between zones of differing behavior 


Figure 33 shows where the saddle 


point got its name, resembling as it 
does a saddle between two mountain 
peaks, and to a lesser extent a horse 
saddle. Dotted in Fig. 33 are lines of 
constant elevation. These lines as seen 
from above form a pattern identical 


to the saddle point region on a phase 


Phase portraits of limit cycles 
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On the following pages, the editors of 
ELECTRICAL MANUFACTURING have repro- 
duced the latest version of the Machine 
Tool Electrical Standards. This is done at 
the request of the National Machine Tool 
Builders Association and as a continuation 
of this publication’s program of coopera- 
tion with NMTBA and the Joint Industry 
Conference (JIC) to assure the widest 
possible distribution of the standardizing 
activities of these two groups. This co- 
operation is offered primarily because of 
the large number of ELECTRICAL MANU- 
FACTURING readers who are designers of 
machine tools. An important secondary 
objective is to place these standards before 
designers of other types of industrial equip- 
ment so that they may benefit from the 
pioneering efforts of NMTBA and JIC. 
The first Machine Tool Electrical Stand- 
ards were introduced by the NMTBA in 
1941 and became the basis of the American 
War Standard ASA C74-1942, now obso- 
lete. Automotive standards and recom- 
mended practices were added in 1945 fol- 


lowing the formation of the forerunner of 
what is now the Joint Industry Conference. 
Using the same basic paragraph numbering 
system, JIC issued its own set of Standards 
in 1948. Revised in 1950, these specifica- 
tions were included for reference in the 
September 1950 edition of the NMTBA 
Standards (ELECTRICAL MANUFACTURING, 
November 1950). 

The current version of the JIC Electrical 
Standards for Industrial Equipment was 
adopted in March, 1953 (ELECTRICAL MANU- 
FACTURING, June 1953). In January of the 
following year, NMTBA issued a new set 
of specifications which so closely paralleled 
the existing JIC Standards that this pub- 
lication printed the two in combination 
(ELECTRICAL MANUFACTURING, May 1954). 
The JIC requirements set forth in the latte, 
are still applicable. However, the latest 
complete revision of the NMTBA Electrical 
Standards, as adopted in March 1956, makes 
it necessary to present them now as a new 
and separate publication. Reprints of these 
Standards are available from either NMTBA 
or ELECTRICAL MANUFACTURING. 





SUBJECT INDEX 


Bench-type machines 12.1-13.1 
Circuit breaker 
Circuit interrupter 
Conductors 
Current carrying capacity—Table VI 20.4 
Equivalent—Table VIII 22.1.6 
In conduit—Table VII 22.1.6 
Machine Grounding—Table X 24.6.2 
Wire size—Table V 20.1.2 
Definitions 
GREY 6seckes * Appendix C 
Machine tools . = 10.3 
Diagrams ......... 11. 


Electronic ; cseawee 11.1.2 


Machine tool builders have for many years been 
directly interested in the electrical equipment that 
forms so vital a part of the modern machine tool. 
With the tremendous development of better cut- 
ting tools, with the necessity for wider speed 
ranges, has come a corresponding improvement 
in the material available from the manufacturers 
of industrial electrical equipment. Realizing that 
the safety of the operator and the maintenance 
of production are considerations of cardinal im- 
portance to machine tool users, the industry estab- 
lished an Electrical Standards Committee in 1938 
and since that time has been constantly and ac- 
tively engaged in the development of better elec- 
trical standards. 


USE OF STANDARDS IN PURCHASING............ss00. 


In the past these Standards have been frequently 
employed by the machine tool user as purchasing specifi- 
cations and this practice has been of great benefit to 
both the user and the builder. If a purchaser of ma- 
chine tools desires to use these Standards as purchasing 
specifications, he should include in his inquiry and pur- 
chase order the clause “Electrical equipment shal) con- 


Elementary 11.1.2 


11.1.3 
Gaskets 


Control enclosures 16.3 
Junction boxes 22.4.1 
Plugs & receptacles 19.1.1 
Grounding 24. 
Auxiliary devices 21.3.8 
Control circuit 24.1-14.3.1 
Lighting circuits 24.2.1 
24.5 

Plugs & receptacles 19.1.2 
Portable & pendant equipment 24.4 
Stationary equipment 24.3.2 


The first form of these standards, written after 
conference with a large number of customers in 
Detroit, was a composite of many specifications 
drawn up by machine tool users and machine tool 
builders, and the National Electrical Code. It was 
adopted September 5, 1941; became an American 
War Standard issued by the American Standards 
Association June 8, 1942, under Number C-74- 
1942; and was made mandatory on machine tool 
builders during the war program under a limita- 
tion order of the War Production Board. With 
further experience and valuable suggestions from 
customers, this Standard was revised and reissued 
on September 13, 1950, as an Industry Standard. 
In the meantime, at the close of the war, the Joint 


form to the Machine Too] Electrical Standards.” In 
addition, he should list on his inquiry and purchase 
order the following information: 
a. Power supply characteristics (voltage, phase, fre- 
quency). 
b. If the make of the electrical equipment usually 
furnished by the machine tool builder is not de- 
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Identifications 


Machine nameplate ............... 11.2.1 
SO RINRNEIDD bn sc det stecicnses< 11.2.2 
Se IIS coc ncce soe acene 11.2.: 
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Control equipment ................ 17. 
CE RIES 55 seca passewesceeses 17.2 
CORIIEE TORMIONE vice ccsvercvcess 18.4-23.3 


Industry Conference was formed, and many of the 
suggestions in the 1950 and 1954 versions and 
in the present version are the result of the ex- 
tensive conferences held with representatives from 
the mass production companies represented in the 
Joint Industry Conference. 

The Joint Industry Conference has also de- 
veloped its own Electrical Standards for applica- 
tion to industrial equipment of all kinds used in 
the continuous or mass production industries. (See 
Appendix D for differences.) 

This present version has been approved by the 
members of the National Machine Too] Builders’ 
Association and its Board of Directors as an In- 
dustry Standard. It has been developed specifically 


sired, specify preferred make. 

c. Type of motor enclosure desired. 

d. Type of supply circuit disconnecting device de- 
sired. 

e. Extra copies of wiring diagram if desired. 

f. Any conditions for which unusual provisions must 
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be made, such as limited power supply, ambient 
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Disconnect operating mechanism ... 12.10 
Miscellaneous control equipment ... 17.5 
PE ik bach ened ercovnecesseneues 23.3 
Punlistiem URite ..cccescvccsccsece 18.3 
POOURE: FUMED 6c occvccccvvens See “Identification” 
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ee re ee eee 13.2 
REE > ovevt cbecdscest vas 12.7 
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Switch 
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Appendix A-11.1.4 


See “Conductors” 





for machine tools and brings to the industry and 
its customers the latest thoughts of many skilled 
minds in the field, in keeping with the latest tech- 
nological developments. The objectives have been 
to make tools safer to operate, more productive 
and less costly to maintain. 

Note: To avoid any confusion with existing JIC 
or previous NMTBA standards, the para- 
graphs in this revision have been assigned 
a new series of numbers beginning with 10. 
Sentences containing the verb “shall” are 
mandatory, recommendations embody the 
word “should.” 


temperatures over 40 C, high altitude operations, 
etc. 
In details not specifically covered by these Stand- 
ards, unless the user expressly specifies what is wanted, 
the machine tool builder will use his own judgment. 





















































10. GENERAL 


10.1 Purpose. The purpose of these Electrical 
Standards is to provide detailed specifica- 
tions for the application to machine tools of electrical 
apparatus which will promote: 

a. Safety to personnel 

b. Uninterrupted production 

c. Long life and low maintenance cost of equipment 
These standards are not intended to limit or inhibit 
advancement in the art of electrical or mechanical 
engineering. 


10.2 Scope. The provisions of these standards 

cai tee all electrical equipment and wiring 
furnished as part of a machine tool, commencing at 
the place of connection of the power supply to the 
machine tool electrical equipment. (NOTE: Where 
connections between separate units of a single machine 
tool are installed by the user, the conduit and wire 
sizes for these connections are governed by the Na- 


tional Electrical Code.) 

These standards shall apply to electrical equipment for 
use on circuits which operate from a supply voltage of 
600 volts or less. 

These standards shall not apply to machine tools in- 
tended for use in hazardous locations. 


10.3 Definition of Machine Tools. For the pur- 
poses of these standards, machine tools are 
defined as follows: 

a. A metal-cutting machine tool is a power-driven ma- 
chine, not portable by hand, used for the purpose of 
removing metal in the form of chips. 

. A metal-forming machine tool is a power-driven 
machine, not portable by hand, used to press, forge, 
emboss, hammer, blank or shear metal. (NOTE: 
This definition is not intended to include die casting 
machines, extruding machines, powdered metal 
presses, rolling mills or welding equipment.) 


11. DIAGRAMS AND NAMEPLATES 


11.1 Elementary and Wiring Diagrams 


Where more than one motor starter or other 
electrical device is used (if the motor and 
controls are not entirely independent), an elementary 
diagram and wiring diagram or panel layout shall be 
furnished. These diagrams shall be marked with the 
machine serial number or with some other symbol 
which will identify the particular machine to which 
these diagrams apply. 


11.1.2 The elementary diagram shall show all elec- 
trical equipment. Control devices shall be 
shown between two vertical lines representing the 
source of control power, using electrical symbols. All 
of the electrical connections including the numbers 
used on the devices, wires and terminals shall be 
shown. The positions of the different symbols are ar- 
ranged for convenience and simplicity and do not in- 
dicate their locations on the equipment. 

For the sake of uniformity, coils should be shown on 
the right hand side. 

Electronic diagrams may be shown 
zontal lines, 


between hori- 


11.1.3. The panel layout shall show the general 
physical layout of the electrical contro] panels. 
The wiring diagram in addition shows the electrical 
connection between the parts comprising the control 
panel. An interconnection diagram, the wiring diagram 
or the electrical layout shall be provided when neces- 
sary to show connections between panel and other elec- 
trical units. Dimensions need not be shown. Symbols 
for all electrical devices and their terminals, both in 
and external to the control panel, shall be identified as 
shown in the elementary diagram. 
11.1.4 Symbols shall be in accordance with Appendix 
A. Identification of devices shall be in ac- 
cordance with Appendix B. 
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11.2 Equipment Nameplates and 
Identification Plates 


A permanent nameplate listing voltage, phase, 
frequency, full-load current (for a multi- 
motored machine tool, the full-load current shall be 
not less than the sum of the full-load currents re- 
quired for all motors which may be in operation at 
one time under normal conditions of use), or rated kva, 
NEMA interrupting capacity of the circuit breaker, if 
furnished, control circuit voltage and wiring diagram 
number shall be attached to the control equipment or 
machine. It should include the following sentence to 
indicate compliance with these standards: “The wir- 
ing and equipment on this machine are in accordance 
with Machine Tool Electrica] Standards.” 


11.2.1 


NOTE 1: If only a single motor is used, the motor 
nameplate may serve as the nameplate if it is plainly 
visible. 


NOTE 2: If a fusible disconnecting device is furnished, 
it is not practical to specify interrupting capacity. 


11.2.2 Where electrical equipment is removed from 

its original enclosure or where equipment is 
so placed that the manufacturer’s identification plate 
is not readily visible, a duplicate identification plate 
shall be permanently attached to the machine tool or 
enclosure. Identification plates shall not be removed 
from electrical equipment. 


11.2.3 Whenever the motor nameplate or the con- 

nection diagram plate is not visible, a dupli- 
cate plate shall be provided where it can be easily 
read. Original plates shall not be removed from motors. 


11.3 Marking of Devices 


All control and power devices used on ma- 
chine tools shall be plainly and permanently 
identified with the same identification as shown on the 


11.3.1 
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elementary and wiring diagrams. On devices external 
to the control panel, except as specified in 11.3.2, iden- 
tification shall be shown on a tag, preferably metal, 


mounted adjacent to (not on) the device. 


11.3.2 Sach contro] station device shall be iden- 
tified with a nameplate. 


12. SUPPLY CIRCUIT DISCONNECTING DEVICES 


12.1 Scope. This section shall apply to all machine 
tools, except bench-type machines powered by 


a single motor rated at 2 hp or less. 


12.2 Type. The machine tool builder shall furnish 


one of the following types of disconnecting 
devices: 
a. A manually-operated non-fusible 
switch or a circuit interrupter, or 
b. A manually-operated fusible motor circuit switch 
or a circuit breaker. 


12.3 Rating 


Each motor circuit switch or circuit inter- 
rupter shall be capable of interrupting the 
maximum operating overload current of all the equip- 
ment connected to that circuit. 


motor circuit 


12.3.1 


12.3.2 Fusible switches or circuit breakers shall be 
applied in accordance with paragraph 13.5, 
sranch Circuit Protection. 


12.4 Indicating Type. The disconnecting device 
shall plainly indicate whether it is in the open 


or closed position. 


12.5 Supply Conductors to be Disconnected. 
The disconnecting device shall disconnect all 
underground conductors of the power supply circuit 
simultaneously. Where there is more than one power 
source, additional individual disconnecting devices 
shall be provided for each supply circuit, so that all 
power lines to the machine may be interrupted. 


12.6 Connections to Supply Lines. The incom- 


ing power line conductors shall terminate at 
the disconnecting device with no connection to terminal 


blocks or other devices ahead of the disconnecting 
device. 


12.7 Line Terminal Protection. The line termi- 
nals of all disconnecting devices should be 
shielded so as to eliminate the possibility of personnel 


accidentally contacting live parts. 


12.8 Mounting 


The disconnecting device shall be mounted 
within the control enclosure, except when the 
connected horsepower exceeds that for which it is 
practicable to panel-mount the disconnecting device. 
The builder shall then furnish but not mount an 
enclosed disconnecting device. 


12.8.2 


12.8.1 


If more than one disconnecting device is pro- 
vided for multiple supply circuits, they shall 
be grouped in one location, 


12.8.3. The disconnecting device shall be mounted 
at the top of the control panel with no other 
equipment mounted above it. 


12.9 Interlocking. When the disconnecting device 
is mounted in the control enclosure, it shall 
be mechanically or electrically interlocked, or both, 


with the control enclosure door or doors, 


12.10 Operating Mechanism 

The center of the grip of the operating 

handle of the disconnecting device, when in 

its highest position, shall not be more than 6% ft 

above the floor and should not be lower than 3 ft above 

the floor. 

12.10.2 The operating handle shall be so arranged 
that it may be locked in the “off” position. 


12.10.1 


13. PROTECTION 


13.1 Scope. This section shall apply to all machine 
tools, except bench-type machines powered 


by a single motor rated at 2 hp or less. 


13.2 Control Circuit. The contro] conductors shall 
be protected against steady overloads and 
against short circuits. An overcurrent device shall be 
connected in series with each branch control circuit. It 
shall open 400 per cent of rated current in not more 
than 40 sec. It shall open short circuits (more than 
10 times rated current) without damage to the con- 
ductor. 
13.3 Undervoltage. Undervoltage protection shall 
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be provided for all motors which might cause 
damage to the machine tool or injury to the operator 
should the motor start on return of power after a power 
interruption. 


13.4 Motor Overload 


13.4.1a@ Each motor shall be protected against run- 

ning overload by the use of an overload 
device responsive to motor current or to both motor 
current and temperature. 


13.4.1b Table I shall govern the minimum allowable 
number and location of overload devices. 





Table 1—Number and Location of 
Overload Devices 


Minimum number and 
location of overload 
devices 


Kind of 


motor Supply system 


2-wire, 1-phase a-c or d-c, | 1 in either conductor 


ungrounded 


1-phase, a-c 
or d-c 


1-phase, 


2-wire, 1-phase a-c or d-c, 
or d-c 


1 in ungrounded con- 
one conductor grounded 


ductor 
3-phase, 3-wire, 3-phase a-c, 2 in any 2 conductors 
ungrounded 


3-phase, 3-wire, 3-phase a-c, one 


2 in ungrounded con- 
conductor grounded 


ductors 


3-phase, 3-wire, 3-phase a-c, 


2 in any 2 conductors 
grounded-neutral 


Note: For power supply wystems not included in the table, refer to National Electrical 
Code, Section 4327. 


Power line 
= feeder 
Fused disconnect switch or circuit breaker 


= Branch circu 


Na Control circuit 
transtormer 
4 Control circuit 
fuse 
Fig. |\—When this method of protection is used, the overcurrent 


protective device shall not be rated at more than 200 amp at 250 
volts or less, or 100 amp for 251 to 600 volts. 


Motor controllers 


Motors 


Power line 


Fused disconnect switches or circuit breakers 


Na Control circuit 
transformer 
Control circuit 
fuse 


Fig. 2—When this method of protection is used, all disconnect 
devices must be grouped together (paragraph 12.8.2) and they 
shall all be mechanically or electrically interlocked, or both, with 
the control enclosure door or doors (paragraph 12.9). Each branch 
circuit shall be considered the same as the circuit shown in Fig. |, 
and is subject to the same limitations. 


Branch 


circuits 
Motor controllers 


Motors 


Power line 
Feeder 


Fused disconnect or circuit breaker 
> Feeders 


Fuses or circuit breaker 


-——— oe me = 
AMA Control circuit 
Motor controllers 
transformer 
Control circuit 
fuse 


Fig 3—When this method of protection is used, all the equipment 
must be contained in one control enclosure. The main breaker 
must be interlocked with door (paragraph 12.9) and the auxiliary 
breaker and its branch circuit must be considered the same as 
in Fig. 1. Feeder B must have a current carrying capacity of at 
least one-third that of feeder A. 


e~ Branch «9 


Motors 
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13.4.2 Short time rated motors or high reversing 

duty motors which cannot be adequately pro- 
tected by external overload devices shall be protected 
by a thermal overload device mounted in the motor and 
sensitive to the temperature of the motor, or to both 
motor temperature and current. This device shall 


Table il—Ratings of Overcurrent Devices for 
Various Types of Motors 


Per cent of full-load current 


Thermal-magnetic 
Fuse circuit breaker 
rating rating 
Type of motor 


Motors marked with Code Letter indicating locked-rotor kva 


All a-c single-phase and polyphase 

squirrel-cage and synchronous motors 
Code Letter A 150 150 
Code Letter B to E 250 200 
Code Letter F to V 300 250 


Motors not marked with Code Letter indicating locked-rotor kva 


Single-phase, all types 300 250 
Squirrel-cage and synchronous 300 250 
High-reactance squirrel-cage 
Not more than 30 amp 250 250 
More than 30 emp 200 200 
W ound-rotor 150 150 
Direct current 150 150 


Note: For motors not included in the table, refer to National Electrical Code, Chapter 
10, Tables 26 and 27. 


Table l!l1—Maximum Wire Size for 
Given NEMA Starter Size 


Starter size 


Table 1V—Relationship Between Wire Size 
and Overcurrent Rating 


Wire size 
(AWG or MCM) 


Maximum rating of 
overcurrent device, amp 
14 60 
12 80 
10 100 
150 
200 
250 
300 
350 
400 
500 
600 
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cause the motor to be disconnected before the motor 
temperature exceeds the rated temperature rise, as- 
suming a 40 C ambient temperature. 

In addition, they shall be protected against stalled 
conditions by the use of a protective device which is 


responsive to motor current, or to both motor tempera- 
ture and current. 


13.5 Branch Circuit Overcurrent 


13.5.1 General 

a. On a machine tool which has more than one branch 
circuit, an overcurrent device (fuse or overcurrent 
trip unit of a circuit-breaker) shall be placed in 
each ungrounded branch circuit conductor. Circuit- 


breakers shall open all ungrounded conductors of the 
branch circuit. 


. If the values for branch circuit protective devices, 
as determined below, do not correspond to the stand- 
ard ratings or sizes of these devices the next higher 
size or rating may be used. 


13.5.2 If the machine tool builder furnishes the 
overcurrent protective device for a branch 
circuit supplying a single motor it shall be capable of 
carrying the starting current of the motor, Overcur- 
rent protection shall be considered as being obtained 
when the overcurrent device has a rating or setting not 
exceeding the values given in Table II. Where the 
overcurrent protection specified in the table is not 


sufficient for the starting current of the motor, it may 
be increased to a maximum of 400 per cent of the 
motor full-load current. 


13.5.3 Two or more motors and their control equip- 

ment may be connected to a single branch cir- 
cuit providing all of the following requirements are 
met: 


a. The maximum size of conductor connected to a 
motor controller shall be in accordance with Table 


Ill. 


. The maximum rating or setting of the overcurrent 
protective device shall be determined from the 


smallest conductor in the circuit in accordance with 
Table IV. 


. Overcurrent protective devices of a lower rating 
than the maximum allowed in Table IV shall be used 
whenever this can be accomplished without requiring 
additional protective devices. 


. The motor and controller circuits shall be arranged 

so that a minimum number of branch circuit over- 
current protective devices are required. Figures 1, 2 
and 3 show circuits which are acceptable for group 
protection of machine tool motors and controls. 
Protective interlocks are not shown. 
Note: If a short circuit occurs on a branch cir- 
cuit, protected in accordance with any of the above 
diagrams, some controller parts or devices may 
require replacement or maintenance. 


14. CONTROL CIRCUITS 


14,1 Source of Control Power. The control cir- 
cuit shall be taken from a source on the load 


side of the main disconnect device. 


14.2 Control Voltage 


The a-c control voltage shall be 115 volts 
obtained from a transformer with an isolated 
secondary winding. (Approximately 95-volt, 50-cycle 
control circuits may be used to supply coils rated at 115 
volts, 60 cycles.) 


14.2.1 


14.2.2 Control voltages other than 115 volts may be 
used, where necessary, for the operation of 
sensitive instruments, electronic tubes, or similar de- 


vices used in the control circuit. 


14.2.3 Where exposed wiring or terminals must be 
used on a machine, the control voltage, ob- 

tained from a transformer with an isolated secondary, 

shall not exceed 25 volts. (See paragraph 24.1.2.) 


14.3 Connection of Control Devices 


All operating coils of magnetic devices should 
be connected to one side of the control circuit 
with provision for user’s grounding of that side of 
the line at the control circuit transformer. (See para- 
graph 24.1.1.) 


14.3.1 


14.3.2 All contacts should be connected to the other 
side of the line except that overload relay 


contacts may be connected in the line having provision 
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for grounding, provided that the conductors between 
such contacts and coils of the magnetic devices do not 
extend beyond the control enclosure. 


14.3.3 Any magnetic device having an inrush cur- 
rent exceeding 20 amp at 115 volts may be 
energized at line voltage through relay contacts. The 
relay coil shall be connected to the low voltage control 
circuit. 
(Presses only) For safety reasons it shall be permis- 
sible to interrupt coil circuits having an inrush in 
excess of 20 amp, but not greater than 30 amp, at 115 
volts directly by control contacts, provided they are 
designed for such service. 
14.4 Interlocking. Where there is more than one 
electrically controlled or operated device on a 
machine tool, and where possible damage may be 
caused by the failure of any one device to function 
properly, the circuits shall be arranged with protective 
interlocks. Where practicable, these interlocks shall 
interrupt all operations, provided such interruption 
does not constitute a hazard to the operator or cause 
damage to the work in process. Where starting or 
stopping of devices in improper sequence can result 
in a hazard to the operator or damage to the equipment 
or work in process, circuits shall be so arranged as to 
insure the proper sequence starting and stopping of 
such devices, For set-up purposes, manual means, pref- 
erably push buttons, shall be provided to perform indi- 
vidual functions, 
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15. CONTROL EQUIPMENT 


15.1 Standards 


Control devices shall meet the requirements of 
the latest revision of ASA Standard C 19.1 
(Industrial Control) and NEMA Standard IC 1 (In- 
dustrial Control). 


15.1.1 


15.1.2 All polyphase starters and contractors shall 
be in accordance with the latest revision of 
ASA Standard C 19.1 (Industrial Control), for 600 
volt service, regardless of voltage applied. 
15.1.3 Control circuit transformers shall meet the 
requirements of the latest revision of NEMA 
Standards ST 1 (Specialty Transformers). 
15.1.4 Precision and other small devices used for 
control and which do not come within the 
scope of the above standards shall be of the highest 
commercial quality. 


15.2 General 


All control devices shall be front connected 
except such direct current and large alter- 
nating current equipment as is not commercially 
available for front connection, 


15.2.1 


15.2.2 ‘Terminals shall be provided on or adjacent 
to all control devices mounted in the control 


enclosure, 


15.2.3 All standard coils shall be marked with 

voltage, frequency, ordering number, and 
maker’s name or trademark. On direct current, “DC” 
shall be marked as the frequency. Special coils shall be 
marked with ordering number and maker’s name or 
trademark. 


15.3 Motor Starters 


15.3.1 Across-the-line starting shall be employed 
for all alternating current motors, except 
when the machine tool requires limited accelerating 
torque. 


15.3.2 Alternating current motor starters shall open 


all of the power conductors leading to asso- 
ciated motors. 


15.3.3 Where machine operation requires a mag- 
netic starter to repeatedly open stalled motor 
current, such as in plug-stop or jogging (inching) duty, 
the starter shall be de-rated in accordance with the 
latest revisions of NEMA Standard IC 1 (Industrial 
Control). 


15.3.4 Several motors may be controlled by one 
starter if a separate overload device is pro- 
vided for each motor, and the horsepower rating of the 
starter is not exceeded. 


16. CONTROL ENCLOSURES AND COMPARTMENTS 


16.1 Enclosure and Compartment 
Construction Details 


Enclosures or compartments shall be non- 
ventilated except for resistor, electronic tube, 
or transformer enclosures requiring ventilation. There 
shall be no unfilled holes in the enclosure for mounting 
the enclosure or mounting controls within the en- 
closure. 


16.1.1 


16.1.2 Compartments for built-in control shall be 
completely isolated from coolant and oil 
reservoirs. The compartment shall be readily accessible 
and completely enclosed; it shall not be considered 
enclosed if it is open to the floor, the foundation upon 
which the machine tool rests, or to other compartments 
of the machine tool which are not clean and dry. 


16.1.3. The walls of enclosures or compartments shall 
be not less than No. 14 USS gage if of sheet 
steel, not less than % in. if of cast metal, or not less 


than “2 in. if of malleable iron. 


16.1.4 The height and width of the door opening 
should be at least 1 in. greater than the 


corresponding height and width of the control panel to 
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be enclosed. The depth of the enclosure or compart- 
ment should be a minimum consistent with the maxi- 
mum depth of the control devices plus the required 
electrical clearances. 


16.2 Doors, Covers and Fasteners. Al! enclosures 
or compartments shall have hinged covers 
which swing horizontally and shall be held closed with 
screws, bolts or other suitable fasteners which require 
the use of a tool such as a screw driver or wrench to 
remove. Fastener parts shall be held in place when 
the door is opened so that they will not become lost. 
The thickness of door shall not be less than that 
specified for walls and the width shall not exceed 36 in. 


16.3 Gaskets. All doors or covers of electrical en- 
closures and compartments shall have gaskets 
of an oil-resistant synthetic material, at least %¢ in. 
thick, which shall be firmly attached to the cover or 
enclosure. 


16.4 Data Pocket. A permanent metal data pocket 
shall be attached to the inside of the en- 
closure or compartment. If space permits, it should be 
at least 9 in. wide. 
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17. LOCATION AND MOUNTING OF 
CONTROL EQUIPMENT 


17.1 General 


All control equipment should be kept above 
the base line of the machine as much as 


practicable and made as readily and safely accessible 
as possible. 


17.1.1 


17.1.2 All terminals and parts of devices normally 

serviced or inspected on control equipment 
should be mounted not less than 8 in. above the floor 
line of the machine. This is recommended as a minimum 
specification for best accessibility and should be ex- 
ceeded insofar as practicable. 


17.1.3 Control equipment shall not be mounted in a 
position that will interfere with machine ad- 
justments or maintenance of hydraulic or mechanical 


equipment, or vice versa. 


17.1.4 Mechanical adjusting means not associated 
with control equipment shall not be located 
in the same enclosure or compartment with motors 


or controls. 


17.2 Control Panels 


All control devices normally panel mounted 
for any one machine should be mounted in 
one enclosure instead of in several enclosures or 
compartments at different locations on the machine. 


17.2.2 All front-of-board-mounted starters, con- 

tactors and other control devices shall be 
mounted on a rigid panel. Each device in turn shall be 
mounted with machine screws with American National 
form of thread so any unit can be replaced without 
removing the panel. 


17.2.3 


17.2.1 


Any device or devices mounted on the con- 
trol panel carrying line voltage of a combina- 
tion of line voltage and control voltage should be 
grouped above or to the side and segregated from 
devices which carry only the control voltage. This 
need not apply when the line voltage is 115 volts. 


17.3 Control Panel Enclosure 


The enclosure shall be mounted in such a 
manner and position as to guard it against 


17.3.1 


oil, dirt, coolant, and dust and so as to minimize the 
possibility of damage from floor trucks or other mov- 
ing equipment. 


17.3.2 The panel shall not be set to such depth from 
door frame or other projecting portion of 
machine as to interfere with inspection and servicing. 


17.3.3 No portion of the machine immediately above 
the door opening and less than 6 ft from the 
floor should project more than 6 in. beyond the door 


frame. 


17.4 Clearances in Enclosures 
17.4.1 


Enclosures or compartments for mounting 
control panels shall provide ample room be- 
tween panel and case for proper maintenance. 

17.4.2 Exposed non-arcing current-carrying parts 
within an enclosure or compartment shall 
have an air space between them and the uninsulated 
walls of the enclosure or compartment, including the 
conduit fittings, of at least 1% in. for 600 volts or less. 
When barriers between metal enclosures or compart- 
ments and arcing parts of control are required, they 
shall be of insulating materials which will not readily 
carbonize, 


17.5 Miscellaneous Control Equipment 


17.5.1 Control equipment such as limit switches, 
brakes, solenoids, push-button stations, etc., 
shall be mounted rigidly in a readily accessible and 
reasonably dry and clean location, and free from pos- 
sibility of accidental operation by normal movement 
of machine components or operator. It shall be mounted 
with enough clearance from surrounding surfaces so 
as to make removal and replacements easily possible. 


17.5.2 


All limit switches shall be installed so that 
accidental over-travel will not damage them. 


17.5.3 Solenoids shall not be submerged in oil. 


18. OPERATORS CONTROL STATIONS AND EQUIPMENT 


18.1 Pushbutton, Selector Switch and 
Indicating Light Specifications 


All pushbutton and selector switch operators 
and indicating lights shall be of the oil-tight 
type, except as provided for on pendant stations, para- 
graph 18.5.1. 


18.1.2 


18.1.1 


Individually mounted drum type switches and 
toggle switches should be oil tight. 


18.1.3. Emergency stop operators shall be of the 


palm or mushroom type. 
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18.1.4 The following color coding is preferred: 


Stop—Red. Return—yYellow. 


18.2 Fixed Stations. Fixed control stations shall 


be dust, moisture and oil tight. 


18.3 Arrangement of Control Station 
Components 
All start buttons shall be mounted above 
or to the left of their associated stop buttons. 


This does not apply to start buttons in series such as 
operating buttons on punch presses, 


18.3.1 





18.3.2 Nameplates shall be located so they can be 
easily read by the machine operator. 


18.4 Location of Control Stations 


18.4.1 All stations shall be mounted in a reasonably 


clean and dry location, 
18.4.2 Control shall be within easy reach of the ma- 
chine operator, and shall be placed so that the 
machine operator does not have to reach past spindles 
or other moving parts which might cause injury. 


19. ELECTRICAL 


19.1 Plugs and Receptacles 


19.1.1 Plugs and receptacles shall be of a locking 
type to prevent accidental disconnections and 
of a type approved for the voltage applied. When used 
on 300 volts or over they must be skirted and so con- 
structed that the prongs are not exposed and any arc 
will be contained. They shall be provided with gaskets 
to prevent entrance of oi] or moisture when in oper- 
ating position, and means should be provided to effec- 
tively seal the receptacle whenever the plug is removed. 
19.1.2 The construction of plugs and receptacles 
shall be such that if a grounding connection 
is provided, it will be automatically made before any 
live connections are made and will not be broken until 
all current-carrying conductors of the plug circuit are 
dead. Where one prong of a plug is marked “ground,” 
it shall not be used as a current-carrying part. 


19.2 Machine Work Lights 


The lighting circuit voltage shall not exceed 
150 volts between conductors. 

Work lights shall be supplied from a sepa- 
rate isolating transformer connected to the 


19.2.1 
19.2.2 


18.4.3 Controls shall be free from possibility of 
accidental operation by normal movement of 
the machine or operator. 


18.5 Pendant Stations 


Pendant stations should use oil-tight controls 
and enclosures; however, where size and 
weight become impractical non-oil-tight controls and 
general purpose enclosures may be used. 


18.5.2 Emergency stop controls may use a wobble 
stick or rod operator at the bottom of the 
station. 


18.5.1 


ACCESSORIES 


load side of the machine tool disconnecting device, 

unless either of the following provisions are complied 

with: 

a. Work lights may be connected to the 115 volt control 
circuit. 

b. Work lights required when the machine power supply 
is disconnected shall be connected to the plant 
lighting circuit. In no case shall the machine light- 
ing circuit be connected to the line side of the ma- 
chine disconnecting device. 


19.2.3. The conductors to stationary or built-in work 

lights shall conform to paragraphs 20.1.1 and 
20.1.2 and the wires within the fixtures shall not be 
smaller than No. 18. 


19.2.4 Flexible cords shall conform to paragraph 


20.6. 
19.2.5 
19.2.6 


For grounding provisions see paragraph 24.2. 


Lampholders shall be of the medium-base 
screw-shell type and shall be switchless or of 
push-through switch types, rated at 660 watts, 250 
volts. 

The lampholders shall not incorporate a receptacle for 
attachment of portable cords. 


20. CONDUCTORS 


20.1 Wire Specifications 


Conductors shall be annealed copper, all 
sizes being stranded Class B, Class C or Class 
D as ordered, to the latest revision of ASTM Standard 
Designation B 8 or B 174. 


20.1.1 


20.1.2 The conductor insulation material shall be a 

thermoplastic compound with a thickness not 
less than or a maximum diameter greater than speci- 
fied in Table V. It shall be water and oil resisting, 
flame retardant synthetic material such as polyvinyl 
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compounds, meeting the physical and electrical require- 
ments of the latest revision of ASTM Standards Desig- 
nation—D 734-50 T, with a maximum operating tem- 
perature rating of at least 80 C (176 F) in air, and 
60 C (140 F) in the presence of water, oil or coolant, 
for a single conductor. 


20.1.3. There shall be no additional covering over 

the thermoplastic insulation. Any surface 
lubricant shall not flake off. Fumes, if any from such 
surface lubricant, shall not affect insulation, conduits, 
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Table V—Thickness of Thermoplastic 
Conductor Wire Insulation 


Insulation thick- Maximum OD, 
ness, 64ths In. In. 


Wire size, AWG 
0.147 
0.178 
0.166 
0.197 
0.190 
0.221 
0.252 
0.283 
0.321 
0.370 
0.402 
0.432 
0.513 
0.546 
0.593 
0.645 
0.702 
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coils or contacts on electrical equipment in which or 
near which it is used. 


20.1.4 The insulation on wire shall have a readily 

identifiable continuous permanent marking 
to indicate machine tool wire, voltage, size and the 
manufacturer. The insulation or spool shall also be 
marked or tagged with maximum working voltage, 
the words “National Electrical Code Standard,” and 
marked as having Underwriters’ approval for use in 
wet and oily locations. 


20.2 Special Insulations 


Where required by ambient conditions, other 
conductor insulating material may be used. 
Special insulation shall be used for conductors flexed 
at temperatures below —10C (14F). 


20.2.2 


20.2.1 


Insulation less than % in. thick may be used 
on the No. 16, No. 18 and No. 20 wires per- 
mitted on electronic or precision devices. 


20.2.3. Mineral insulated metal sheathed cable (MI) 
may be used. 


20.3 Insulation Voltage Ratings 


All conductors in raceways shall have insu- 
lation rated 600 volts. 


20.3.1 


In multi-conductor cables where none of the 
conductors are carrying power and where 
no voltage exceeds 110 volts, conductors may have 
300-volt insulation, 


20.3.2 


20.3.3. On the internal wiring for electronic panels 
or precision devices wire shall have insulation 
adequate for the maximum voltage on that wire. In no 
case shall less than 300-volt insulation be used. 
20.4 Current Carrying Capacity. The current 
carrying capacity of conductors with am- 
bient temperature not greater than 40 C and wires 
or conduit not close to heat dissipating elements, shall 
not exceed the limits specified in Table VI. These cur- 
rent capacities have been de-rated for the number of 
wires in raceways according to Table VII in para- 
graph 22.1.6. 
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Table Vi—Conductor Current-Carrying Capacity 


Rating, 
amp 


Wire size, 

AWG or MCM 
0 100 
2/0 116 
3/0 132 
4/0 156 
250 172 
300 192 
350 208 
400 224 
500 256 


Wire size, Rating, 
AWG or MCM amp 





Table Vil—Number of Conductors in 
Conduit or Wireway* 


Conduit-C | No. 14 wire, % in. insulation, max. OD 0.178 in. 

or Wire- 

way-W | Normal run, with fittings**® Short, straight runs*** 
Recom- Recom- 


mended mended Maximum 


Size 


Maximum 
%-C 6 6 7 
%,-C 11 11 14 
. 17 17 20 
30 30 35 

41 41 47 

68 68 76 

96 96 105 

148 148 160 

176 176 194 

160 191 191 211 
200 240 240 266 
260 302 302 334 
320 368 368 408 
400 462 462 513 
465 522 522 580 
580 650 650 723 
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No. 14 wire, %& in. insulation, max. OD 0.147 in. 


7 11 
13 19 
20 30 
35 52 
48 69 
719 112 

113 140 154 
174 212 235 
210 260 286 
230 279 308 
300 352 390 
375 442 439 
470 540 598 
585 6716 750 

760 845 
850 955 1050 
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* When wires larger than No. 14 are used, determine equivalent number of No. 14 
wires by multiplying number of wires of sizes larger than No. 14 by conductor 
equivalent from Table VIII. Add the result to the number of No. 14 wires and 
use total for selecting size of conduit from Table VII 

** Normal run with straight, right angle and/or other fittings 
*** Short, straight runs not exceeding 10 ft and no fittings other than bushings 


20.5 Minimum Size of Conductors. Power and 
control conductors on or in machine tools 
shall not be smaller than No. 14 AWG, except as 
follows: 

a. Copper conductors in flexible non-metallic covered 


multi-conductor control cable to continuously mov- 
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ing parts may be No. 16 if all such conductors are 
insulated for the maximum voltage on any con- 
ductor in the cable. 

b. Copper conductors on electronic and precision de- 
vices shall not be smaller than No. 20. 


20.6 Multi-Conductor Cables. Multi-Conductor 
Cables shall be of an Underwriters’ Labora- 
tories approved industrial type, oil resistant, extra 


flexible, non-metallic covered. 


21. WIRING METHODS AND PRACTICES 


21.1 General 


All wires shall be identified at each termi- 
nation by marking with a number to corre- 


spond with the diagrams and shall be color coded as 
follows: 


21.1.1 


Line and load circuits, a or d-c power—Black or 
Gray. 
A-C control circuits—Red. 
D-C control circuits—Blue. 
Interlock control circuits on the panel energized 
from external source—Brown, 

. Equipment grounding conductors—Green. 

f. Circuit grounding conductor—-White. 


Note: Deviations from this scheme may be made on: 
1. Internal wiring on individual devices pur- 
chased completely wired. 
Where insulation is used that is not avail- 
able in the colors required. 


21.1.2 Wires shall run continuously from one piece 
of apparatus to another without any splice 


in conduit or junction boxes. 


21.1.3 


Taped connections shall be covered with oil 
resistant adhesive tape. 

21.1.4 Underwriters’ Laboratories approved pres- 
sure connectors shall be used to make con- 
nections. Soldered type lugs are not acceptable. 


21.1.5 All terminals on termina] blocks shall be 
plainly marked to correspond with the mark- 
ings on the electrical diagrams. 


21.2 Panel Wiring 


Panel wires shall be supported mechanically 
where necessary to keep them in place. 


21.2.1 


21.2.2 All control panels shall be front connected 
except such direct current and large alter- 
nating current equipment as is not commercially avail- 
able for front connection. For back-connected panels, 
back compartment doors or swingout panels which 
swing horizontally shall be furnished, 


21.2.3 Multiple-device control panels shall be 
equipped with terminal blocks for all out- 


going control wires. 


21.3 Machine Wiring 


All wiring and wiring connections external 
to the control panel enclosure shall be totally 
enclosed in suitable metal raceways or enclosures as 


21.3.1 
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described in Section 22, except as otherwise permitted 
in the following paragraphs. 

21.3.2 Liquid tight flexible metal conduit or multi- 
conductor cable shall be used where necessary 
to employ flexible connections to pendant push button 
stations. The weight of pendant stations shall be sup- 


ported by means other than the flexible conduit or 
cable. 
21.3.3 Liquid tight flexible conduit and fittings shall 
be used for connections involving small or 
infrequent movements. It shall also be used to com- 
plete the connection to normally stationary motors, 
limit switches, and other externally mounted devices 
for which the length shall not exceed 3 ft. 


21.3.4 Wiring connection to continuously moving 
parts of machine tools shall be multi-con- 
ductor cable or liquid-tight flexible conduit, with extra- 
flexible conductors. Flexible cable and conduit shall 
have vertical connections and shall have sufficient 
slack to avoid sharp flexing and straining. Horizontal 
connections are acceptable only if flexible cable or con- 
duit is adequately supported. 
21.3.5 When wires are adjacent to moving parts, 
the construction and the conductor support- 
ing means shall be such that there will be a space of at 
least 1 in. between any moving parts and the con- 
ductors under all conditions of operation, or barriers 
shall be provided between the conductors and the mov- 
ing parts. 
21.3.6 All conductors of a power circuit shall be 
contained in the same raceway. So far as is 
practicable, all conductors of any individual control 
circuit shall be contained in the same raceway. 
21.3.7 Conductors carrying a-c and conductors 
carrying d-c, or carrying different voltages, 
may occupy the same raceway if they are all insu- 
lated for the maximum voltage of any conductor in 
the raceway. 


21.3.8 Where an auxiliary device must be removed 
under certain operating conditions, it may be 
connected through a polarized plug and receptacle, pro- 
vided a ground connection is used. The plug shall be 
connected to the load circuit. 
21.3.9 When a machine tool is so constructed that 
wiring must be disconnected for shipment, 
a terminal block in an accessible enclosure shall be 
provided at the sectional points. 
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21.3.10 All sharp edges, burrs, rough surfaces, or 

threads with which the insulation of the wire 
may come in contact shall be removed from raceways 
and fittings. 


21.3.11 Raceways should be so arranged as to drain 

to convenient points, and % in. openings 
should be provided at such points to permit drainage 
of oil or moisture. 


22. RACEWAYS AND JUNCTION BOXES 


22.1 Rigid Metal Conduit 


Rigid metal conduit shall be of a corrosion 
resistant type approved by Underwriters’ 
Laboratories. 


22.1.2 


22.1.1 


No conduit smaller than % in., electrical 
trade size, shall be used. 


22.1.3. Unless structural difficulties prevent, fittings 
shall be threaded and shall have strength 


comparable to that of the conduit. 


22.1.4 Running threads shall not be used on conduit 


for connection at couplings. 


22.1.5 All conduits shall be securely held in place 

and supported at each end, Where threadless 
fittings must be used due to difficulty in assembly, 
conduit must be so fastened to the machine that it 
cannot be accidentally pulled out of the fitting. 


22.1.6 The number of wires used in conduits should 


not exceed the maximum values listed in 
Table VII. 


22.1.7. Where a conduit enters a box or other fitting, 

a bushing shall be provided to protect the 
wire from abrasion unless the design of the box or 
fitting is such as to afford equivalent protection, For 
1% in. and larger conduit, the wires shall be protected 
by a bushing providing a smoothly rounded insulating 
surface. If conduit bushings are constructed wholly 
of insulating material, a locknut shall be provided both 
inside and outside the enclosure to which the conduit 
is attached. 


22.1.8 Bends of rigid conduit shall be so made that 

the conduit will not be injured, and that the 
internal diameter of the conduit will not be effectively 
reduced. The radius of the curve of the inner edge of 
any field bend shall not be less than shown in Table IX 
(page 120). 


22.2 Liquid-Tight Flexible Metal Conduit 


22.2.1 Liquid-tight flexible metal conduit shall con- 
sist of an oil-resistant, liquid-tight jacket or 
lining in combination with flexible metal reinforcing 
tubing. 


22.2.2 Fittings shall be of metal and shall not sepa- 
rate from the conduit under tests as pre- 
scribed by the Underwriters’ Laboratories for flexible 


conduit. 


22.2.3 The maximum number of conductors in a 

single run of liquid-tight flexible metal con- 
duit shall not exceed the number allowed in Table VII 
(page 117). 
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22.3. Compartments and Raceways. Compart- 

ments or raceways within the column or base 
of a machine tool may be used to enclose conductors 
provided the compartment or raceway is isolated from 
coolant and oil reservoirs and is entirely enclosed. 
Conductors run in enclosed compartments and race- 
ways within the base or column of a machine tool shall 
be secured and so arranged that they will not be sub- 
ject to mechanical damage or abrasion. General-purpose 
flexible conduit may be used as additional protection 
in compartments and raceways if fastened at each end 
to a junction box. 


22.4 Junction Boxes 
22.4.1 


Junction boxes shall not have extra knock- 
outs and shall be provided with gasketed 


covers. 


22.4.2 


Mounting means external to the junction 
compartment should be provided. 


22.4.3. Motor terminal boxes shall not be used as 
general purpose junction boxes for wiring to 
solenoid valves, limit switches, etc. Terminals for 
motor mounted devices such as brakes, thermostats, 
plugging switches, or tachometer generators, may be 
connected in the motor terminal box. 


22.5 Wireways. Exterior horizontal wireways 
may be used when rigidly supported above 
and clear of all operating or contaminating portions 
of the machine tool. Such wireways shall include the 
following: 


22.5.1 Metal thickness shall be a minimum of 0.075 


in. (No. 14 MS gage). 
22.5.2 


Covers shall be on top of wireway and shaped 
so as to overlap sides. Covers shall be attached 
to wireway by hinges and held closed by means of 


screws or other suitable fasteners. 


22.5.3 


If wireway is furnished in sections, the joints 
between sections shall fit tightly, including 
covers. 
22.5.4 Only such openings as are required for wiring 
the equipment shall be provided. Wireways 
with unused knockouts will not be acceptable. 


22.5.5 Corners, bonds, edges, etc., shall have all 

burrs removed, Additional protection shall be 
provided for conductor insulation at drop points. Such 
protection may consist of fibre, plastic, or other mate- 
rial covering the edge or corner with sufficient radius 
to prevent piercing of insulation, 


22.5.6 The number of wires used in wireways should 
not exceed those shown in Table VII (page 
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23. MOTORS 


23.1 Standards. Motors shall meet the require- 
ments of the latest revisions of ASA Stand- 
ards C 6.1 (Terminal Markings for Electrical Appa- 
ratus), C 50 (Rotating Electrical Machinery), and 


NEMA Standards MG-1 (Motors and Generators). 


23.2 Type of Motor 


The type of motor enclosure to be used shall 
be determined by the machine tool builder, 
unless otherwise specified. 


23.2.2 


23.2.1 


All single speed motors, 4% hp and larger, 
shall be dual voltage 220/440 volts polyphase 
motors if commercially available, unless another volt- 
age is specified. 


23.3 Mounting of Motors 


Each motor shall be mounted where it is 
accessible for maintenance and is not sub- 
ject to damage. 


23.3.1 


23.3.2 The motor mounting arrangement must be 

such that all motor hold down bolts can be 
easily removed and replaced and conduit boxes easily 
reached, Except when bearings are permanently sealed, 
both bearings on the motor must be arranged for 
checking lubrication levels or for lubricating. Motors 
with permanently sealed bearings must be so indicated 
on a nameplate. 


23.3.3 Motor compartments shall be clean and dry 
and adequately vented direct to the exterior 
of the equipment. All openings shall be of such height 
above the floor and be protected to such an extent that 
dirt, chips, etc., cannot enter at such times as the floor 
is swept or washed or the equipment is cleaned. Unless 
other compartments meet the requirements of the 
motor compartment, there shall be no openings of any 
kind between the motor compartment and any other 
compartment of the equipment. If a conduit or pipe is 
run into the motor compartment from another com- 
partment not meeting the motor compartment require- 
ments, any clearance around the conduit or pipe shall 
be sealed. 


23.3.4 All rigidly-coupled foot-mounted motors 

must be properly aligned and doweled in 
place. Motor mounting plate must be of such dimen- 
sions that if height of motor from bottom of foot to 
center line of shaft is the maximum permitted by 
NEMA standard dimensions, motor can be inserted 
without fitting. 


Table Vill—Conductor Equivalent Table 


Equivalent 
No. 14- 
% in., 

insulation 

wires 


Equivalent 
No. 14- 
% in., 
insulation 
wires 


2 0.68 


Insulation 
Conductor | thickness, 
size 64ths in. 


° 
) 
uw 


PRA Sewsasass = 
NOUwWANOWNDWU 


RWO]WWUdU=h 
— 


VLU aaa aWWNWNHW 
+ 
om 


Ow OOUNRwWoDoss- 


~— 


Table IX—Minimum Radii of Conduit Bends 


Size of conduit, in. Radius of conduit bends, in. 
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23.3.5 Flange-mounted motors need not be doweled 

if otherwise positively held in alignment. 
Type D flange motors should be used in preference to 
other types of flange motors wherever possible. 


23.4 Direction Arrow. The machine tool builder 
should provide a direction arrow to indicate 


proper direction of rotation of each motor. 


23.5 Balance. Static and dynamic balance and 
noise control shall be limited to elimination 
of machine trouble from these sources. Specially bal- 


anced motors shall be so indicated on a nameplate. 


24. GROUNDING 


24.1 Control Circuits 


Provision should be made for grounding one 
side of the control circuit to the machine, The 
wiring diagram should show the location of the ground- 
ing connection with the notation: “To be grounded by 


24.1.1 


user if conditions permit.” It shall then be the respon- 
sibility of the user to ground the circuits if the local 
Electrical Code so requires. 


24.1.2 Control circuits operating at 25 volts or less 
shall be grounded. (See paragraph 14.2.3.) 
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24.2 Lighting Circuits 


One conductor of a machine lighting circuit 
shall be grounded to the machine. 


24.2.1 


24.2.2 If the machine lighting circuit is taken from 
the plant lighting circuit, the insulated 


grounded conductor shall be white. 


24.3 Stationary Equipment 


All exposed non-current-carrying metal parts 
of control enclosures, motors, conduits, con- 
trol stations and other devices and accessories shall be 
grounded. 


24.3.1 


24.3.2 Where enclosures of controls or other elec- 
trical devices are not mounted on the equip- 
ment, they shall be grounded by the user. 


Table X—Size of Grounding Conductors 


Column “A" 


Copper wire size 


AWG or MCM 


14 of 16° 
14 
12 
10 


Conduit size, in. 





1200 


* No. 16 wire will be permitted only in multiconductor cable. 


24.4 Portable and Pendant Equipment. Al! port- 
able accessories or pendant stations shall be 


grounded to the machine tool. 


24.5 Methods of Grounding 


A copper or other corrosion resistant con- 
ductor may be used for grounding purposes. 


24.5.1 


24.5.2 Grounding by attaching the device to the 
equipment with bolts or other approved 
means shall be considered satisfactory if all paint and 
dirt are removed from joint surfaces. Moving machine 
parts, other than removable accessories or attach- 
ments, having metal-to-metal bearing surfaces shall be 
considered as adequately grounded. 


24.5.3 Portable and pendant equipment shall be 

grounded by separate conductors. If multi- 
conductor cable is used for portable or pendant equip- 
ment, the grounding conductor shall be included as 
one conductor of the cable. 


24.5.4 Liquid-tight flexible metal conduit may be 
used for grounding portable or pendant 
equipment providing it is of the type with the copper 
bonding conductor as approved by Underwriters’ Lab- 
oratories. 


24.6 Machine Grounding Conductors 


Machine grounding conductors may be insu- 
lated or bare and shall be protected from 
mechanical injury by means equivalent to those pro- 
vided for live conductors. If an insulated machine 
grounding conductor is used, it shall be green. 


24.6.1 


24.6.2 The size of the machine grounding conductor 

or conduit shall be as shown in Table X. 
Column “A” indicates maximum capacity in amperes 
of the automatic overcurrent protective device in the 
circuit ahead of the equipment. If a conductor other 
than copper is used, its electrical resistance per linear 
foot shall not exceed, and its tensile strength shall not 
be less than that of the allowable copper conductor. 


25. TESTING 


25.1 High Voltage Tests 


When all wiring on the machine is com- 

pleted, the following tests shall be made: 

a. Test each circuit to ground. 

b. Test voltage shall be applied for one second for each 
circuit in accordance with Table XI. 


25.1.1 


25.1.2 Devices which do not fall within the scope 

of Industrial Control Standards (e. g. 
meters, rectifiers, lamp holders, snap switches, elec- 
tronic equipment, etc.) and which require lower test 
voltages than specified above, should be disconnected 
before high voltage tests are made. 


Table Xi—High-Potential Test Voltages 


Circuit voltage 


110 1250 
208 & 220 1470 
380 1800 
440 1920 
550 2150 
Odd voltage See note 


Test voltage 


Note: Test voltages = (Twice normal voltage + 1000) (0.85) (1.20) 





Typical Graphic Symbols 
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Liquid level 
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Held closed 
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for Electrical Diagrams 


Coils (Continued 


Auto transformer racto Adjustable 


iste 


Potentiometer or rheostat 


Electronic Tubes 
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Miscellaneous 


control circuit) siven 
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THE DEVICE DESIGNATIONS given below 
are intended for use on diagrams in 
connection with the corresponding 
symbols to indicate the function of the 
particular device. These device desig- 
nations are based on the assignment 
of a standard letter or letters to the 
fundamental function performed by a 
component device. Suitable prefix 
numbers (1, 2, 3, 4, etc.) and suffix 
letters (A, B, C, D, etc.) may be added 
to the basic designation to differenti- 
ate between devices performing simi- 
lar functions. 

The assignment of a designation to 
a device on a specific equipment is 
governed by the function of that de- 
vice on that particular equipment and 
not by the type or nature of the device 
or its possible use for other functions 


AMBIENT TEMPERATURE. Ambi- 
ent temperature is the temperature of 
the surrounding cooling medium, such 
as gas or liquid, which comes into con- 
tact with the heated parts of the ap- 
paratus. 


BRANCH CIRCUIT. A branch circuit 
is that portion of a wiring system ex- 
tending beyond the final overcurrent 
device protecting the circuit. (A de- 
vice not approved for branch circuit 
protection, such as a thermal cutout 
or motor overload protective device, is 
not considered as the overcurrent de- 
vice protecting the circuit.) 


CIRCUIT BREAKER. A _ circuit 
breaker is an automatic device de- 
signed to open under abnormal con- 
ditions a current-carrying circuit 
without injury to itself. 


CIRCUIT INTERRUPTER. A circuit 
interrupter is a manually operated 
device designed to open under abnor- 
mal conditions a current-carrying cir- 
cuit without injury to itself. 


CONDUIT. A conduit is a tubular 
raceway for holding wires or cables 
which is designed expressly for, and 
used solely for this purpose. 
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Device Designations 


in other equipment. The same type of 
device may perform different func- 
tions on different equipments or even 
on the same equipment and, conse- 
quently, may be identified by different 
designations. 


Designation Device 
A Accelerating contactor or 


relay 
AM Ammeter 


Brake relay 
Capacitor 

Circuit breaker 
Circuit interrupter 


Clamp 


Glossary 


CONTROL CIRCUIT. A control cir- 
cuit is the circuit used for the operat- 
ing control of the machine tool as 
distinguished from the circuits used 
for supplying power to motors or de- 
vices requiring a continuous or inrush 
volt-amperage of more than 2300. 


CONTROL CIRCUIT TRANSFORM- 
ER. A control circuit transformer is 
a voltage transformer utilized to sup- 
ply a voltage suitable for the opera- 
tion of shunt coil magnetic devices. 


CONTROL CIRCUIT VOLTAGE. 
The control circuit voltage is the volt- 
age provided for the operation of 
shunt coil magnetic devices. 


CONTROL COMPARTMENT. A con- 
trol compartment is a space within 
the base, frame, or column of the 
machine, used for mounting the con- 
trol panel. 


CONTROL ENCLOSURE. The con- 
trol enclosure is the metal housing for 
the control panel, whether mounted 
on the machine tool, or separately 
mounted. 


DEVICE. A device is a unit of an 
electrical system which is intended to 


Control relay 
Current transformer 
Counter voltage 
Down 


Dynamic braking contac- 
tor or relay 


Drum switch 
Electronic tube 
Forward 


Field accelerating con- 
tactor or relay 


Field decelerating con- 
tactor or relay 


carry but not consume electrical en- 
ergy. 


DISCONNECTING DEVICE. A dis- 
connecting device is a device whereby 
the conductors of a circuit can be dis- 
connected from their source of supply. 


ELECTRICAL CONTROLLER. An 
electric controller is a device, or group 
of devices, which serves to govern, in 
some predetermined manner, the elec- 
tric power delivered to the apparatus 
to which it is connected. 


ELECTRICAL LAYOUT. Consists of 
an outline of the machine tool showing 
the control enclosure, as well as con- 
trol and power devices external to the 
control enclosure, in their relative lo- 
cations. It shall also show the size and 
location of the conduit to be supplied 
by the customer. 


ELEMENTARY DIAGRAM. An ele- 
mentary controller wiring diagram is 
a diagram using symbols and a plan 
of connections to illustrate, in simple 
form, the scheme of control. 


FEEDER. Any conductors of a wir- 
ing system between the service equip- 
ment or the generator switchboard of 
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Full-field 
relay 


contactor or 


Field-loss contactor or 
relay 


Flow switch 

Float switch 

Fuse 

Field weakening 
Ground 

Instantaneous overload 
Jog 

Limit switch 

Light 

Motor starter 


Magnetic brake 


an isolated plant, and the branch cir- 
cuit overcurrent devices. 


INRUSH CURRENT (SOLENOID). 
The inrush current of a solenoid is the 
steady-state current taken from the 
line with the plunger blocked in the 
rated maximum open position. 


INTERMITTENT DUTY. Intermit- 
tent duty is a requirement. of service 
that demands operation for alternate 
intervals of (1) load and no-load; or 
(2) load and rest; or (3) load, no- 
load and rest; such alternate inter- 
vals being definitely specified. 


INTERRUPTING CAPACITY. In- 
terrupting capacity is the highest cur- 
rent at rated voltage that the device 
can interrupt. 


JOGGING (INCHING). Jogging is 
the quickly repeated closure of the cir- 
cuit to start a moter from rest for the 
purpose of accomplishing small move- 
ments of the driven machine. 


LOCKED-ROTOR CURRENT. The 
locked-rotor current of a motor is the 
steady-state current taken from the 
line with the rotor locked and with 
rated voltage (and rated frequency 
in the case of alternating-current mo- 
tors) applied to the motor. 


MAGNETIC DEVICE. A magnetic 
device is a device actuated by electro- 
reagnetic means. 


MAGNETIC STARTER. A magnetic 
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Magnetic clutch 
Motor circuit switch 
Motor 

Overload relay 
Pushbutton 

Power contactor 
Plug 


Pressure switch 


Reverse 
Rectifier 


Resistor 
Rheostat 
Switch 
Slow down 
Socket 


Solenoid 


starter is a starter actuated by elec- 
tromagnetic means. 


MOISTURE-RESISTANT. Moisture- 
resistant means so constructed or 
treated that it will not be injured 
readily by exposure to a moist at- 
mosphere. 


MOTOR CIRCUIT SWITCH. A mo- 
tor-circuit switch is a switch intended 
for use in a motor branch circuit. Up 
to 50 hp the switch is rated in horse- 
power and is capable of interrupting 
the maximum operating overload cur- 
rent of a motor of the same rating at 
the rated voltage. 


OIL (USED AS A PREFIX). The 
prefix “oil” applied to a device which 
interrupts an electric circuit indicates 
that the interruption occurs in oil. 


OPERATING OVERLOAD. Operat- 
ing overload is the overcurrent to 
which electric apparatus is subjected 
in the course of the normal operating 
conditions that it may encounter. 
(Note 1: The maximum operating 
overload is considered to be six times 
normal full-load current for alternat- 
ing-current industrial motors and 
control apparatus; four times normal 
full-ioad current for direct-current in- 
dustrial motors and control apparatus 
used for reduced-voltage starting; 
and ten times normal! full-load current 
for direct-current industrial motors 
and control used for full-voltage 
starting. 


Series control relay 
Selector switch 
Safety switch 
Transformer 
Terminal board 
Thermostat 
Time-delay relay 
Traverse 
Tachometer voltmeter 
Up 

Unclamp 
Undervoltage 


Voltmeter 
Vacuum switch 
Wattmeter 


Reactor 


Note 2: It should be understood that 
these overloads are currents that may 


persist for a very short time only, 
usually a matter of seconds.) 


OVERCURRENT. Overcurrent in an 
electric circuit is that current which 
will cause an excessive or dangerous 
temperature in the conductor or con- 
ductor insulation. 


PANEL LAYOUT. The panel layout 
shall show the general physical lay- 
out of the electrical control panel with 
all relays, disconnect switch, control 
transformer, terminal strip, ete. 


PERIODIC DUTY. Periodic duty is a 
type of intermittent duty in which the 
load conditions are regularly recur- 
rent. 


RACEWAY. A raceway is any chan- 
nel for holding wires, cables or bus- 
bars, which is designed expressly for, 
and used solely for this purpose. 


RELAY. A relay is a device that is 
operative by a variation in the condi- 
tions of one electric circuit to effect 
the operation of other devices in the 
same or another electric circuit. 
(Note: Where relays operate in re- 
sponse to changes in more than one 
condition, all functions should be 
mentioned.) 


SHORT-TIME RATING. The short- 
time rating is the rating that defines 
the load which can be carried for a 





short and definitely specified time, the 
machine, apparatus or device being at 
approximately room temperature at 
the time the load is applied. 


SPLASHPROOF. Splashproof means 
so constructed and protected that ex- 
ternal splashing will not interfere with 
its successful operation. 


STARTER. A starter is an electric 
controller for accelerating a motor 
from rest to normal speed. 

(Note: A device designed for start- 
ing a motor in either direction of ro- 
tation includes the additional function 


of reversing and should be designated 
a controller.) 


TIGHT (used as a suffix). Apparatus 
designated as watertight, dusttight, 
etc., when so constructed that the en- 
closing case will exclude the specified 
material. 


UNDERVOLTAGE PROTECTION. 
Undervoltage or low-voltage protec- 
tion is the effect of a device operative 
on the reduction or failure of voltage 
to cause and maintain the interruption 
of power to the main circuit. 


VARYING DUTY. Varying duty 1s a 
requirement of service that demands 
operation at loads, and for intervals 
of time, both of which may be subject 
to wide variation. 


WIREWAY. A wireway is a rigid rec- 


tangular raceway provided with a 
cover. 


WIRING DIAGRAM. A controller 
wiring diagram is a diagram showing 
the electric connections between the 
parts comprising the controller, and 
indicating the external connections. 


References to Other Codes and Standards 


NOTE: The following references are 
not to be considered as part of, 
or amendments to, the Ma 
chine Tool Electrical Stan 
dards. They are included only 
as a convenient guide for the 
Machine Tool Builders and 
Users. 


National Electrical Code. (Na 
tional Fire Protection Asso- 
ciation, 60 Batterymarch 
Street, Boston 10, Mass. Price 
$1.00.) 

All items pertaining to Ma- 
chine Tool construction have 
been extracted from the Na 
tional Electrical Code and 
incorporated in these Machine 
Tool Electrical Standards. 


California State Electrical 
Safety Orders. (State of Cal- 
ifornia, Printing Division, 
Documents Section, Sacra- 
mento 14, Calif. Price $1.00 
plus tax.) 

All items pertaining to Ma- 
chine Tool construction have 
been extracted from the 
C.S.E.8.0. and incorporated 
into these Machine Tool Elec 
trical Standards, of which 
Paragraph 12.7 becomes man- 
datory on machine tools ship 
ped into California, under 
C.S.E.S.0., Section 2398 K. 
Furthermore, Section 2414 
(a), latest revision, requires 
that disconnect switches be 
permanently marked with the 
current, voltage, and horse 
power rating, if any. Pape: 
labels are not acceptable. 
Exposed wiring (NMTBA 
Paragraph 14.2.3) would not 


0 


secure one reprint 


be permitted under these 
California Electrical Safety 
Orders where more than 50 
watts are used on the circuit. 
In addition to NMTBA Para- 
graph 21.3.7, the C.S.E.S.O. 
Section 2340 (k) also requires 
that the direct current be de- 
rived from a generator or rec- 
tifying device supplied from 
the same transformer or bank 
of transformers which supply 
the alternating current. 
Diagrams II and III (Par. 
13.5.8 d) are not considered 
acceptable at the present time. 
Canadian Electrical Code, 
Part II Specification C22.2 
No. 73 (Canadian Standards 
Association, National Re- 
search Building, Ottawa 2, 
Ontario. Price $.75.) Ex- 
cerpts from the Canadian 
Electrical Code have been 
included in these Machine 
Tool Electrical Standards, 
but the two do not agree in 
all respects. 


Joint 
(JIC) 


Industry Conference 
Electrical Standards. 
(Joint Industry Conference, 
P.O. Box 182, Detroit 2, 
Michigan, Single copies, no 
charge.) 

The JIC Electrical Standards 
are very similar to the 
NMTBA Standards, although 
the JIC specifications have 
been broadened to cover “In- 
dustrial Equipment,” which 
includes furnaces and welders. 
The Machine Tool Standards 
are more comprehensive in 
that they include many items 


opy of thi 


Inquiry 


article without 


Reader Service 


ard in the 


covered only by implication 
(or reference to other sources) 
in the JIC Standards. The JIC 
Standards contain some man- 
datory items which are con- 
sidered by the Machine Tool 
Standards as being individual 
customer preferences, often 
subject to negotiation. Twen- 
ty-three stipulations in the 
1953 JIC issue differ from, 
or are additional to, the Ma- 
chine Too] Standards, as fol- 
lows: 


E 0.4 E 2.6.2 

E 0.8 E 2.6.6(G) 
E 1.2.2 E 2.6.8 

~ 1.6.1 E 3.2.2 

E 1.6.1 E 3.2.3 

E 1.7.1 E 3.3.3 

E 1.10.1 E 3.4.1 

E 2.1.2 E 4.1.4 

E 2.2.1 Note E 4.2.1(C) 
E 2.3.3 E 4.2.2 

E 2.3.5 E 4.5.2 

E 2.5.4 


Suppression 
ference. 
Machine tool builders who 
quote on Government invita- 
tions to bid should be very 
careful to note whether the 
specifications call for the sup- 
pression of radio interference, 
such as in the Navy’s Mil 
1-16910 or the Air Forces’ Mil 
1-6181 B. Machine tools that 
conform to the National Ma- 
chine Tool Builders’ Associa- 
tion Electrical Standards or 
other electrical standards do 
not necessarily meet these re- 
quirements. 


of Radio Inter- 


charge circle 
preceding back cover 
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Chiet Design Engineer 
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Arc Suppression 
with Semiconductor Devices 


Contact protection circu design using germanium ol selenium 
rectifiers reduces contact eroston from inductive kickback voltage 
Design procedure is given together with curves from which unknowns 


may be derived to specify the rating of the rectifier. 


WHEREVER ELECTRIC POWER to inductive devices must be 
controlled by contacts which initiate and interrupt the 
flow of current, the problem of protecting the contacts 
from erosion becomes important This protection is more 
important in d-c circuits, although it is often necessary 
in a-c circuits. and commands greater attention at higher 
supply voltages 

When the switch in the inductive circuit: illustrated 
in Fig. | is opened, the magnetic field in the coil collapses 
and a voltage is generated equal to L di-dt, where L 
coil inductance and di dt time rate of change of decay 
current. This voltage is frequently many times the supply 
voltage. enough to maintain an are across the contacts 
The are may be a glow discharge, or even a small metallic 
bridge which becomes hot enough to vaporize a small 
portion of the contact metal. Repeated arcing causes 
erosion, pitting. and general deterioration of the contact: 
and results in high contact resistance and increased main 
tenance, 

Several methods of contact protection have been em 
ployed with varying results. These methods have used 
various Components such as are blow-out coils, permanent 
magnets. fixed resistors. capacitors and semiconductor 
devices. Semiconductor devices have proved to be most 
effective and are able to overcome some of the inherent 
disadvantages of other methods as noted below 


big. 1 Inductive cireuit requiring are suppression, Fig 
] Blow out coils of magnets, while reducing areing, Three workable are sUppressor circuits 
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lo obtain maximum contact protection concurrent with 


it is necessary to select the 


and to specily the 


plimum circuit operation 
proper uppressor cireunt See bi 


proper type and rating of the semiconductor device. The 


choice of the most suitable cireuit usually is governed by 


the following three circuit conditions, any one of which 
may assume the determining role under various mode 
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ment of bi necessary, since the suppressor must 
block voltages of both polarities In some applications 
i delay in drop-out time of a relay or contactor may be 
in advantave. The duration of this delay can be controlled 
selecting the correct suppressor, or made adjustable 
the circuit of Fig 2b with variable resistor 
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Selenium and Germanium Suppressor Current Ratings the cell active area, and us 


Active Avg. current, amy 
Area 

(in.*) Forward Reverse 
005 0 00034 
020 0014 
03 0031 
04 0 OOS6 
O8 011 
19 ) O17 


O76 


) Peak pulse (amp) Blocking 


Forward Reverse 


aa ing this value i current 
et | density. refer to Fig. 4 to 
find the correspondin re 
sistance per cell in ohms 
Multiply this value of resis 
tance by the number of cells 
in series as required by the 
ipplied voltage and the an 
swer will be R The same 
method ts Lpopodne ible to the 
uppressor of big. 2e by us 
ings the elenlum reverse 
curve and the reverse rat 
in from | | 


nh table The 


ind the rat 


erinaniui 





1N91 


‘ N9 


IN93 


curves are plotted n ohms 


mmperes tor speeitie pur 
tion size ‘ 
culation 
ternational Rectifer Ly pes 
-O1S0 te O153 and 53-0106 
OLOU will block voltage 
"ty io and O6-volts 
dee respectivel The INO] 
incl ENO 1 pre iwatlable 





the exponential equations (1) 01 ) After the tentative 


suppressor resistance Ry has been estimated from equa 
tion (2 and the exponential function calculated from 
equation (3) the value of L/R can be read from big. 5 
Phe required drop-out time 1 s known from = circuit 
operation 

Figure 6 is useful in determining the L/R ratio of the 
oil and in turn the coil inductance L from tests which 
may be made using readily available instruments The 
necessary instruments include an a-c and d-c voltmeter 
and ammeter, a variable a-c vo re Supply ind a well 
filtered variable d-c voltage supply Coil inductance can 


be estimated from the following relationships 


In Fig. 6, curves are shown for both 60-cycle and 400 
ycle voltages, since these are the principal freque neces 
found in test laboratories 

Dy pic al semiconductor assemblies are pietured in hig 

For most suppressor applications, selenium assemblie 
will prove most economical, Germanium assemblies will 
normally be spec ified only when an intentional time de 
lay is desirable which in turn requires the lowest pos 
sible resistance. Selenium rectifier cells will normall 
block approximately 20 volts d-« per cell in series 


lo find the suppressor resistance for the circuit 
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WENDEL! I 


Corona Properties of 
Insulating Materials 


Corona effects are critical in the survival of tasulation. kffective corona tests provide a val 

udble tool in the selection, specification and use of optimum insulating materials for the job 

mm hand, Here is the essence of a Navy-sponsored investigation covering corona properties 
0 OME ge Materia Organic and thorgante, under various Condtlions esign imterpreta ion 
| sor terial u nd ! / lit D t tat 


as well as detailed test results are given 


istance may be defined 
material under the wehlior 


ol laults 


ilerial ma why better 
Wniproved Ocessin method 
kample 
ind preheat chedul 
ims of the moldin ompound 
imold that they do not completely mera 
i point of easy failure is created lhis would 
varticularly true aif the molded part has to be 
ind shrinkage occurs 
nin materials with high corona resistance. such as 
s-bonded mica. failure will occur under certain cor 
internal voids are created during moldin 
Table I—Corona Test Conditions in Air olding around metal inserts. The glass-bonded m 
dy may melt when an operating voltage above 
rona-startin voltage is applied at a frequency 


Relative humidity 0, 50 90°. and 100 dew several megacveles 
Water immersion 24 hr in distilled water Actuall 
Temperature 25 C, 100 C, 150 C tan 
Frequency of applied voltage 60 and 10° cps ! it the glass-manufacturing process. Glass rods pulled 


failure-causing voids can be introduced start 


the elt furnace contain small bubbles that elongat: 
the drawin period to form needle-like 

other tests, it has been shown that at 

stress of 362 vpm on the direction 


\ ' 
er than in. cannot be tolerates 
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Table t!—Dielectric Properties of Insulating Materials 
Tested in Investigation of Corona Properties 


Volts Volts Volts 
mil mil P mil 
applied DK applied applied 


. Polystyrene 30 2 5§ 30 2 52 Melted 
down 
30 30 
30 : 5 86 30 
30 y 30 
25 2.6 N. G. 
30 
21 31 i § 15 
30 ‘ 5 0 
30 7 2 
30 y 3 7 30 
30 3.1% 26 4 
30 y 3 96 21 8 


2. Glass-bonded mica (Mycalex 400 30 
3. Mica flake-alkyd varnish backing plate 30 a 
. Polytrifluorochloroethylene 30 1 
. Organic varnished glass cloth (oil varnish 30 11 
». Silicone-varnished glass cloth (DC935 30 0 
. Melamine-glass laminate 30 19 7 
. Acid-cured epoxy resin (Epon 828 D 30 
9. Amine-cured-epoxy resin (Epon 828 CL 30 
. Silicone rubber (SE 972 30 
. Silicone rubber (SE 460 30 
. Butyl rubber compound «1 30 


. Nylon FM-3003 30 
. Cellulose acetate 30 
). Polytetrafluoroethylene glass laminate 30 
. Pyrex «7740 30 
. Cellulose acetate-rag paper 30 
. Muscovite mica 30 
20. Unplasticized polyvinyl! chloride 30 
21. Steatite grade L-5 (Radio 20 
. Plasticized polyvinyl chloride 30 
23. Butyl rubber compound +2 30 
. Flexible polyester 30 
. CR-39 Allymer 30 
. Hard fibre, commercial grey, Grade 2 30 f 
. Polytetrafluoroethylene 30 01 


30 
30 
30 
30 
30 
30 
10 
30 
30 
30 


6 
5 

2 

8 

3 

9 

3 

1 

3 

3 

3 

. Polyethylene 30 2.3 Melted 

5 

5 

2 

4 

5 

6 

3 

5 

6 

3 

1 

1 

9 

2 


30 
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example, feed-through bushing structure 
made | winding several layers of glass cloth saturate 
with a resin have been found to perform adequate 
ifter the problems involved in) makin i structure 
of delaminations were solved 
Vacuum-molding of steatite rod has been found to 1 
crease the corona-starting oltage stres ipplied in th 
direction of the axis) and breakdown voltage stress b 
factor of five. Lneontrolled and elusive variables 
however, which prevent complete control 
the Quinn resonant circuit method (/ 
detection was used throughout this investigation L hie 
corona-starting voltage was determined by — plottin 
corona intensity (avalanche charge ivainst the applies 
voltage, thus locating accurately the voltage at) whicl 
one micromicrocoulomb of corona intensity oecurred 
Corona-starting and corona-extinction voltages are el we 24 mater elected for stud ire enumerated i 
nearly alike for the tests of surface corona. The cases th] e OV-cycle dielectric constant ind power 
where significant differences are found between these factors were ured 4 100 © and 150 © after 
quantities are noted conditionin a OME at « md OO per cent RH 
lhe corona avalanche charge intensity is defined for All of the material a covite mica, the alkyd 
this study as the apparent intensity of the highest ste idil irnish-mic WO cloth-resin) combina 
reoccurring pulse observed amid the cluster of pulse ons 1 the ¢ ( paper combination 
of various heights appearing on the oscilloscope he , erie X W ihout LO itds 
pulse height is converted from inches into apparent hiel 
micromicrocoulombs by application of a calibration con 
stant obtained | charging the test sample to a knows Internal lonization 
direct voltage and connecting the charged sample through Many of the essential 
a switch into the Quinn resonant circuit. The height of lon with a 


the resulting damped transient is observed on the oscillo 
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big. 1 


thie equiy tlent air thickne it of the insulation 


Corona observations in teste of slab insulation under 


tartin vollage the region of transition trom 
tk intense corona and breakdown voltage 
as well defined lines or regions when t/e. the 
of insulation thiekne in mils to the insulation 
coordinate 


and with like 


will place essentially equal stresses on. the 


dielectric constant is used as one of the 
Insulation materials of low or moderate loss 
alues of f/¢ 
i! immersion medium. Therefore the measured behavior 
is believed to be a characteristic of the oil rather than 
f the slab isulations 

Phe intense corona is visible corona under the electrode 

e. Gentle corona can be anything up to about 5 micro 
ocoulombs charge and is expected to be a funetion 
the gas content of the oil and the pressure. The oil 


ed was equilibrated with air at atmospheric pressure 
lhe ionization behavior of the oil limited the voltage 
tre at which corona within the insulation slab could 


be measured to about 2OO vp kven at this stress the 


oil corona was sulliciently intense to overshadow some of 
the corona in the insulation slab. The corona behavioi 
of the oil, however as observed on the ose loscope was 
sulheientl, reproducible so that variations from it could 
be immediately tagged as due to the insulation itself 

Although insulation materials are very seldom operated 
at voltage stresses in excess of MP vpn tne aay the presence 
or absence of internal corona up to 200 vpm ois of great 
Hnportance High potential test conditions and switchin 
or other typ. of surges may HIN pose voltage stresses up 
to 200 vpm. Secondly, if corona is present at 50 vpm it 


will produce localized voltage stresses in the region of 


134 


jrade 


insulating 1t)-4 oil ally into the 


the tip of the corona streamer far in 


excess of the average voltage stress 
Thirdly the need for free 


dom from ionizing faults in the tew 


appli d 


applications involving average vol 
tage stresses in excess of 50 vpm is 
critical. Any program of miniaturiza 
tion or cost savings on. insulation 
materials requires a knowledge of the 
ibility of the insulation to operate at 
higher voltage stresses than are com 
monly emploved 

Several materials failed when the 
ipplied voltage was sufficient to cause 
isible sparking 
edge, In 


denominator of all of these bre 


under the electrode 


order to find the commot 


downs the voltage distribution in 
oil at the voltage required for 
intense corona was calculated 
The voltage supported by the 
film between the surface of the in 


culation and the electrode surface 
Was plotted ivainst the thickness of 
the oil film. The resulting curve was 
different for each material. At a gap 
of 0.006 in. the several curves crossed 
each other. The correspondin ol 
tage was 4400 volts 

thickness ¢/¢€ of 


each insulation sample entered criti 


Equivalent iil 


ileulations. The ealeu 
lated intense corona line of Fig. 1 
defines for each value of t/e the 
which places M00 


volts across the 0.006 in. gap. The 


value of voltage 
formula used ts as follows 


1910 


fis the insulation thickme nh teat nad 


is the insulation dielectric constant 


Since the voltage stress is fairly uniform in the im 
portant gap region in the oil, the edge radius will have 
very little effect upon the intense corona voltage. Insula 
tion breakdown usually occurs very quickly under the 


When the 


mined dielectric strength of the system agrees mildly with 


ition of this corona experimentally deter 


the above formula there is an excellent chance that the 
breakdown voltage stress is not a property of the mate 


rial except as it reflects the dielectric constant and 


Centered Nn ong surface groove 
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Numbers are voltage applied 


big. 3- Effects of time and voltage on the corona intensity with 
in the void in polyethylene 


thickness of the sample, but is a property of the oil 

This formula applies only to insulations free of air 
aps. internal voids, and conducting inclusions such as 
lass fiber in the direction of the applied voltage field 
It did apply to practically all of the materials included 
in lable |. Polytetrafluorethylene was the 
Where this material without voids would be expected to 


break at 


‘ xception 


‘OU vVpm, It actually broke down between LOO 
ind 150 vpm. Hard fiber seems to be another exception 
Its dielectric 


temperature and it is such a high loss material that 


constant, however, changes rapidly with 


dielectric heating is « K pected Its ¢/e° ratio cannot be con 
sidered a constant under the conditions of test 


Iwo points on Fig. | are shown as x’s. These are from 


G. M. |] 


pulse voltage required to 


Sommermans data and correspond to the im 


produce intense visible corona 


moan insulation surface under insulating oil 


lonization in Manufactured Voids 


In an internal void. corona will produce gaseous hy 


drocarbon residues which on further corona attack may 
deposit carbon. The carbon particles may act as focal 


points of still further attack with resultant localization 


ind rapid failure. This hypothesis is one of many possibl 


explanations for the experimental fact of the drastic effect 
of internal voids upon the life of organic insulation. This 
type of failure is a very complex problem receiving con 


tinuing attention. Following test results were obtained 


I ig < Loca 
tions of failure 
in specimens ol 
polytetra fluoro 


ethylene 
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Void corona-test 


) 
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ms -6Ocps 


hig | 


from power tactor 1 


Corona current in caulombs per second (caleulated 
voltage for corona within the void in 


polyethylene \ ind for corona under the electrode edge 


Corona Lite T« Polvethylene 


lasted about SOO hy 


samples O 10> in. thick 
it 200 vpm and failed first when the 


corona inside the internal voids eroded through to one 


electrode When this 
enough energy in the void to cause a flashover through 


the end of the 


happened the corona concentrated 
void to the opposite electrode. The erosion 
rate must therefore be around O.L mil per hour a i 
maximum value. It is certain that a 60 ceyele-l] min high 
potential test would leave thi 
changed 

The study of polytetrafluoroethylene 


Be iuse of al 


material essentiall un 


completely opposite stor 
ity and porosity, tests were made at a much lowes 

stress than on polyethylene that is at 586 to 70 pm 
Figure 2 shows the locations of the failures on the vari 
ous sample types. Whenever the void was within’ the 
leflon rather than at its 
the edge of the 
Whenever the 
curred in the 


Phe reasons are not difheult to deduce The electrical 


surface the breakdown wa il 

electrode and never through the hole 
surtace roove was used breakdowns 0 
rroove rather than under the electrode edge 
stress under the electrode edge is increased by presence 
of a groove in the insulation surface. This concentrated 


the corona in the groove and hence breakdown occurs 
there. Secondly, the presence of the drilled hole between 
the electrodes reduces the voltage stress under the elec 
the chances of failure occurring 


Thirdly 


measurements show that the 


trode edge and minimizes 
in the region of the hole both caleulations and 
ipplied voltage required for 
lonization to occur in the internal void is much higher 
than that required for ionization under the electrode edge 

Void Corona. Vests on polyethylene revealed that the 
sensitive to the 


sample Ihe CSV of new 
100-120 vpm 


corona-startin voltage was extremely 
past electrical history of the 
samples was between 10 and 12 kilovolts 
but after the on the sample had once ey 
ceeded 150 vpm the ¢ SV would bye 
is 6 ky 


In order to study this behavior more closely 


voltae tress 


found to be as low 
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Material 


Polyethylene 


Polytetrafluoroethylene 


hig ) Arrangement for testing 


ionization eflects at electrode edye 


made in which the voltage was cycled between limits 


ve the corona-startin while the 


tudied. The results of this test are 


oltave Variation of 


corona itensilt Wil 


in bag 
CSV of the void wa 
was dropped from 


hown 
Initial 
ollape 


11.6 kv. Whenever the 
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ih her level to a lower one 


the corona imtensity 


mereased in 
level 


soine 


and 


time at the lower 


dropped with it 


initerisil with tereasin volta 


Conversel when the 


vollave was increased from 
low level to a higher one the 
throu h i 


corona intensit went 


harp maximum and decreased rapidly to a 


characteristic of the applied voltage. It is 
linked lo a 


charge in the void 


uyvested that these 
dela inn the 

In order to cheek thi 
rricacle \t the corona 
Climbed) suddenth Thi 
below 2 ky 
tor \fter an 
be normal, Ube 


lo an 


jolie nomena are directly 


Litre decay of the 


powell hactor miea urements wett 
voltage the 
could 


decrease i 


larting 
voltage 
battle 


power tactor 


then be dropped 


down with ver power lac 


hour of o the 
delay is much too long 


inn thee 


powet lactor would acvain 


tine to correspond 
dielectru Ihe 
lactor and 
related eflect 


Still another use was 


le niper ilure rise 
both 
probably 


slowness of 


resporse al powell 


corona to voltage 


chanwe il¢ 
made of 


results It 
imple matter to obtain from a knowledge of the in 


power lactor 


crease ol power factor due to 


corona, the test: sample 


capacitance, and the applied voltage, a figure for corona 
his figure wall 
will be a measure of the 
\ plot of this type is shown 
which had 


corona is 


current um 


with 


coulombs pret second vary 


voltage in a way which 


ener di sipated in the void 
is Curve A in Figure 4d. Ube 
been conditioned at high voltage 
below Lb.o ky 


| 
Trice corona 


volta 


sample Wil cone 


and therefore 
found 


\pparently above about 85 vpm 


energy imerease sharply with 


ecreasity 


It is strongly su peeted that at this stress the 


lise hy ityue 


voltage 


corona ceust bein 


a primar ily surface 


and 
becomes a much hi her 


ol the 


discharge across the vol 


eneres 
Littie void 
\ttempts were made to measure the corona properties 


ol the Leflon. Uhe 


corona 


void in measurement was not success 


ful because occurred in 


porosities at a lower 


voltage than it occurred in the 


Cs\y 


manufactured void, 


Surlace Corona. Vhe at the edge of the electrode 


136 


Table tl—Corona Starting Voltages of Void Type 


Corona-starting voltage 
stress, vpm, samples 


Void type 0.10 in. thick 


None 50 
Centered void 50 
Eccentric void 45 
Long adjacent void 38 


None 55 
Short surface 35" 
Eccentric void 50 


f the Teflon rather than to the vou 
rather tha juantitative 


| allected by the presence 
Vable HL. These 


vrooves can 


his 


surface de 


volt 


ol Various void Ly pes 
that 


the corona 


is shown In data show 


pressions of lower starting 
a large amount 


Very careful 


enment 


ive by 


control of edge radius and electrode 


was not considered 


necessary for obtaining 


orona 


resistances of materials. ‘The 


failure of 
corona attack is not 
different electrode edge 
electrodes, A 
would be of  litth 


sensitive to variations in electrode align 


time to 


most insulation 


materials under 


changed by choosing a 


or by a slight 


sistance 


really 
misalignment of corona re 
measurement 


highly 


ment and radius 


practi al use 
i} it were 


Corona-starting voltage 


however l aflected by the 
alignment. An estimate of the 


magnitude of the errors inherent in the technique used 


electrode 


radius and 


Is important Ihe error caused by misalignment has 
heen estimated by the technique of Halleck and Devins 
1) The factor considered in testing should be about 10 
per cent. The to electrode edge radius is esti 
mated at also. ‘The 
causes 
and lack of 
both very practical conditions that cause 
Cs\ The total of these j 


sidered as a practical starting point in the determination 


erro. due 


about 1O per cent remaining erro 


can be due to several Inhomogeneities in. the 


itself 


lion surtace are 


insulation a scrupulously clean insula 


changes in. the errors Is con 


ol a reasonable safety factor to apply to the calculated 
CSV in order 


will be 
In this type of test at low frequency very little differ- 


to obtain sood confidence that the 


actual 


\ ilu above the corrected, 


ence between corona-starting and corona-extinetion volt 


wes exists. Since in veneral 


than corona-starting 


CEV be 


however, corona-extinetion 


voltage are lowet 


voltages, it is 


recommended that the used 


lonization at the Electrode Edge 


When insulation in 
between hich 


sheet form is used as a space! 


and low-voltage 


parts, the maximum volt 


ave to which it may be used is determined by the 
ionize the air 


to the 


voltage 


re quired to 


spaces in the high-voltage 


[his stress was found 


thickness of the 


stress re ion close electrodes 


to be a function of the equivalent ait 


dielectric which is given by the ratio of the thickness of 
the insulation to its : 


[hie round dl edo 


dielectric constant (t/« 


electrodes used in these studies are 


shown in Fig. 5. The variation of the corona-starting 


voltage with te for this electrode arrangement and edge 


radius can be calculated. Since 


an infinite number of 





structural arrangements are possible, it would be impos 
sible to lay down test methods for each. Actually, it is 
simple to simulate in an experimental setup the particular 
arrangement and shapes of electrodes of interest and 


make corona tests.* 


Standard Laboratory Conditions at 60 cps higure 6 
shows the CSV of a wide range of materials tested at 
60 cps. and all conditioned 48 hr at 25 C and 50 pet 
cent RH before test. The ratio of thickness to dielectris 
constant defines the values along the abscissa for each 
material. Corona occurs with the test method used at 
voltages 29 per cent below the caleulated curve 
shown as Curve A. If we draw a line through the mini 
mum values of CSV we obtain Curve B. This can be 
considered as a design curve defining the conditions for 
corona-tree operation in the experimental setup we have 


used and for the range of t/é values covered by the data 
( Coronaestartit voltage it 60 eps cms os the equivalent 


The L/e ratio detines more th in the ¢ s\ It ( | i thickme i ot the insulation t io mal Vieasurement 


fines where undet! thre electrode ed ( eoro wil ‘ und ; per ent RE 


occur. With very thin materials the 


ver small air gap between | 
thicker materials defined by t/é 
rona first occurs in large ips 
Thus a varnish treatment which idequatel fills 
mall au ips but leaves the lar ips oper 
arkedly the CSV of a thin material while 
ictically nothir for a thicker material. 

Effects of Relative Humidity These have beer 
> © using the same experimental technique 
ribed for the M-per cent RH test Material 

conditioned for 48 hy 
humidities before voltage was ipplied 
ontradictory in several cases but generally the 
zero per cent RH is close to the same as the Oper 

ilu at. id per cent it is down to 73 to 80 per cent 

the SO0-pe ent alin ind at 9O per cent it is betweer 
69 and «oo per cent of the 50-per cent value At 100 p 
cent RH a continuous moisture film ma 

the CS\ » two to tour time it ue al 


Phis effe “Was ort \ ind mu 


barrie 


itlected by humidit hquall 
is allected by humidity in the 
nvilon and unpla ticized pol 
Effect of H ater Immersion lo detern 
1 walter immersion on corona, material 
distilled water in eparate beakers for 
they were removed wiped with a rubber quer 


ad placed between electroc tor test 


lest ita on the variation of CSV with 
hig. 7. The evalue used j 
The dashed line deseribes the n 
cent RH and 25 ¢ Short lines 
on the same material. In 
sused some low intensity 
ind at 
udden trai 
The low-inten 
teriais where Ow urlace 


iter immersior lhe me 





Alter woter immersion 


25%, 5O%,75 % RH 


IO% HW 


Qptissstassstsssstassatinsald 


50 OO 50 200 250 5¢ 


200 


ern ( os mms 


After wate mmersion 


O%,5O% 


75% AH 





Jugutttassstiapuss tapas turssatis 


‘ ri pe 2 
<VU ‘ , 


9O% ,/OO% RH 


After woter immersion 





bipsts tans ttassstassatinaatas 
50 100 50 200 250 500 


Volts per ml, 60cps rms 


/mc mimmum corona 
extinction voltage 


° 
20 


Beene iadiminaimslinnel 
>» 468610 2022 26 30 40 


t/e' ratio (t in mils) 


big. 8 Effects of humidity and water immersion on the in 
Similar eflects with 
letlon gla» 


ll. Corona-extinection voltages at 1 me us t/¢ 


tensity of surlace corona of nylon. big. 9 


polyethylene. big. 10 Also with laminate, big 


however behave in the saAltie manne I hie 


for the 


mica reason 


abnormally low- corona-starting voltage is be 
lieved to be this: The voltage for materials of low values 
ft t/e depends upon the r 
or less mn depth Thi 


probably just enough to film across these 


voltage across alr gaps 5 mils 
water remaining on the surtace ts 
small gaps 
I hie presence of water in the vap causes the reduction in 
the CSV. A much larger 


larve values of f é 


reduction for materials with 


would undoubtedly have existed if 
more water had been left on the material surtace 
materials increase in dielectric constant with 


Satine 


water immersion. This action could explain why samples 
of melamine-glass laminate and cellulose acetate are low 
in CSV. The plasticized PVC (No, 22) used in this study 
is very good in this respect but its behavior is not to be 
considered as a generalized property of all plasticized 
polyvinyl chloride 

| xamples of the effects of 


water immersion on the 


corona intensity vs voltage characteristic are shown on 


bigs. 6. 9 and 10 


(nylon, polyethylene, Teflon-glass lami 


nate). Nylon and polyethylene define a feature common 


Water 


intensity of corona at low voltages. 


to most materials immersion has increased the 
This is especially true 
for materials of low ¢/eé. The eflect is almost completely 
missing on Teflon-glass laminate 

Our interpretation of the significance of this behavior 
is as follows 


| With smaller creepage 


tests, flashovers would have occurred at very low voltages 


distances than used in our 


compared to the values for dry insulations 


) Corona on a wet insulation can be much 


ore 
damaging than a dry one lhe reason is that the in 
much higher in 


strength of the 


homoveneities of the insulation become 
ellective concentration and the dielectris 
total insulation is lowered. The more intense corona will 
eek out these inhomogeneitic ala lower applied voltage 
than with dry insulation 

Procedure used for deter 


Corona at High frequen } 


mination of the surface 


lonization properties of insula 


tion it | me was the same as that at 60 cps. Corona 


startin and corona-extinection voltages were measured 
lhen, a measure of the corona-resistance of the materials 


was obtained. To do this. corona was established and the 


oltage was held at the CEY 


lhe voltage was then increased in 200-volt steps, holding 


plus 200 volts for 1 min 


each voltage for | min. until breakdown occurred 
The procedure was varied somewhat in the case of 
nylon and unplasticized PV¢ 


terials subject to internal heating below the CSV. For 


which are high loss ma 


these materials. CSV was determined quickly so that very 


Then the 


little temperature rise voltage 


Was possible. 


Was dropped to just below CEV and the time required 


for corona to re-establish itself measured 
Materials of low dielectric 
breakdown 


voltage 


constant had the highest 
highest breakdown 


The conclusion that 1 me 


voltages at | me Ihe 
4 ky 


corona is extremely damaging to even the most thermally 


obtained was 


stable of insulation materials is ines apable 


( orona damaye has bee Nn found lo by a linear fun bior 


ol the eflects have 


been avoided. This is undoubtedly due to the constancy 


frequency where dielectric heating 
of the corona energy dissipated in one cycle of the applied 
vollage wave 

Corona-extinetion voltages are found to be much more 


re produ ible than corona-starting voltage. These voltages 





have been plotted avainst the ¢/e’ ratio in Fig. Ll. The 
lower solid line is drawn through the minimum observed 
values of corona extinction voltage with the exceptions 
mentioned below. This curve can be used as design curve 
for the selection of the proper insulation material and 
thickness for high frequency use. Insulation material and 
thicknesses should be chosen so that the minimum ratio 
of t/e in the insulation structure corresponds to a value 
of voltage taken from this line, which is well above the 
use voltage. This. of course, refers only to insulation 
structures in which the high voltage and ground parts 
are similar in shape and placement to those used in the 
test procedure Further work should be done to deter 
mine the effect of these variables upon the corona ex 
tinction voltage. 

For comparison purposes the 60-cycle corona-startin 
voltage vs t/é obtained in the same way has 


been plotted 


curve 
The high-frequency corona-starting voltages 
group ¢ lose to this curve and there is little significance in 
any difference between the 60-cycle and |l-me corona 
starting voltages. For brevity and clarity of the 


the l-me CSV’s have been omitted 


figure 


Though in most cases high corona extinguishing and 
high corona-starting voltages go together there are glar 
ing exceptions to any rule formulated on this basis. When 
these exceptions, polyethylene (No. 13). flexible poly 
ester (No. 24). unplasticized PVC (No. 20), and butyl 
rubber (No. 12) are considered in the light of the sur 
face damage produced by the corona, the reason for the 
variation becomes apparent 

The flexible polyester, unplasticized PVC and pols 
ethylene have low melted 


very quickly under corona attack and formed a deep rut 


melting temperatures. They 


or indentation in the insulation surface under the ele 
trode edge. (It is suevested that this produced a high loss 
dielectric at the electrode edge which caused a lowerins 
of the corona extinction voltage). Butyl rubber carbon 
ized readily. This action means only that somewhat more 


eare must he exere ised with sue hy materials to insure th il 


thre cielectrit will neve! =e oO y ih t tthe corona 
extinction line defined in ki 


/ 


Effect ol Conductior on OU-cycle Corona 


Whenever 
in insulation becomes very conduectin the orona-start 
ing voltage can drop below the minimum set by the 
sparking voltage of stable air gaps. Corona-starting volt 


This prob 


ibly reflects the breaking of minute conduction channels 


ies as low as LOO volts have been obtained 


in the insulation or at the insulation electrode interface 


Calline this effect corona is dubious. The initiatin; 


mechanism is obseure lhe ton source, as in contact 
ircing, is probably from high temperature interactions 


rather than from cathode spots or electron avalanche 
processes 

In closing this discussion. it should be noted that a 
wider range of test methods and a refinement of present 
test methods are needed in order to define more accurately 
In each of the 


the technique of testing 


the nature of the variables encountered 
studies the efleets of varyins 
could have considerable practical significance The results 
needed 


ire indicative but considerable more work = 1s 
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Plastics Arc Quenchers for Small Breakers 


Rapid quenching of are is attained by 
chemical action released within a plastu 
coated are chamber. Neu development. 
aimed particularly at small circuit break 
ers rated 10 through 50 amp. is described 


here in detail 


\ cone Ic Al interruption can te 


nto cireuit | ikers | lasties-coated arc chute 

| show typical cor u on details of the breaker 

ure 2 through ‘ ‘ the plasty coat in contact 
vith an are liberat qmnical particle thal null out 
the are. Quenchi vetne is faster than with mar ot the 
known mechanical « le used in conventional « 

(pplication 
been ¢ 


time C,ener 


i} quenching actior 


irea has ental until 


have led 


cussed here 

coated on the insids 

reaker cases ited 10 through 50 amp. 140 volts. used 
primarily ) i ht rn loads and fractional horsepower! 
ndustrial ipplications 


Lhe elopment of these o-called 


plasty ruencher 
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i causing the breaker to fail. The pressure of gas generated 
| / 
a from some of the materials within the arc-confining space, 
{( a= : J lrequentl exploded the cases to bits 
E if l(G | TT a ll The next series of tests included the polyvinyl alcohol 
r i. , 
7 oy 1 nS I} roups In the first series, the acetyl-to-hydroxyl ratios 
TY if | 4 ‘t , were varied Ihe high hydroxyl-to-acety] yroup pet 
‘ > J formed exceptionally well. The d-c performance was 50 
ae 4 i= operations at 250 amp, 125 volts. The a- requirement 
UP ‘i ; of SO0OU amp, 140 volts, short circuit, became a reality 
ap roi 
5 a = 4 ’ lair dielectric streneths were apparent Deposit of carbon 
if n th breaker was relativel insignificant An aqueous 
I IT - olution of pol vinyl aleohol was painted on the plasti . 
7 : ' \ : 
breaker case surroundin the are area and then per 
bi nera it ot pla tice-cased circuit breaker. mitted to dy Shrinka e olf the coating film. howeve! 
ifiected it idhesive properties, so that it pulled awa 
from the case. It was soon found that by using octylens 
primar i prol n material nvestivation and lyeol and similar material, esters could be formed that 
electi Since inv! plastisols lend themselves easil ould vive better clinging characteristics 
te lush moldin i iple and an inexpensive method Phthalic anhydride, alone with polyvin | alcohol. was 
the tay itternpet ‘ ith straightforward formulation next investigated. The amounts of polyvinyl ilcohol used 
of these ela meric material influenced the interrupting characteristics. Also, the ad 
With the are cavities completely coated with plastisol ditions of organic and nonorganic fillers brought ce 
breaker e tested under our usual laboratory pre tectable variations in’ performance. Phthalic anhydride, 
eedut usi 1 de ourcee ilone produced the best results so far. By fusin phthalte 
lhe first seri tf breaker failed alter the filth in ( tinued on page 336 
lerruptli ul ool the piling Jarge quantities of fire 
ina Result toall five operations were better than 
had been ‘ blamed it | ittie condition ith tandard 
chute \dditional t were made with modifications 
ol jy! ol ormulatio Liberated hy dro el mad orxyvet! 
played an extremely important part in the toterruption 
Dest ith ave bute formed with other resin) com 
pound mehudin 1 bormvar, cellulose oetylbut 
rate ma r otl-based polyurethane were also made 3. 
With a «le« rload to of) operator were obtaimed 
but on wl ise there were reasons for disqualify in 
the resi ompound used 
Var ol these materials would degrade under the ex 
tres heat of the are. Still others were ol idaptable 
lo practical appleation At times when results ippeared 
to | d. the condition of the formulation was such 
that ! ould not meet the requirement ol electrical 
code | | \ 1 VIA | “nination of the dismantled break 
‘ \ wuld wu ill ied that the chute coatin or mold A of aap cercen breaker ‘op opened ” hor chemical in 
: : re area. Below, is an empty phenolic circuit’ breaker case 
TT had {I adit ler iho into the Dimetal mechanism ind porcelain are chute 
Chemica J 4 
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pe 
) e ting 
ve of f re 
bj \ wea witl n pen | ition, bi \r rea ith nla in proce of openin hi | \r ea she n 
typieds formed in chemical chute when openin under load. bi \r chamber howing erosion of chemical from hottest 
point of are outward, bi bind i ol ‘ mmber indicating liberation of chemical to snuff are. Fi I i ie ol ar 
chamber indicating wear of chemical after life te 
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Contact Arcing Factors 
to 100,000 Ft 
{ltitude factor in airborne component design is empirically derived 
from actual measurements up to 100,000 ft, indicating that whole 
sale increases in air gap spacing become less and less effective with 
increasing altitude. Effect of contact size and shape is graphically 
presented as a design aid, 
CURRENT DESIGN SPECIFICATIONS for airborne electrical tude ou LOOO-4 crements. The curve plots measured 
equipment frequently include operation at altitudes in the values to 100.000 ft and is further extrapolated to 140,000 
region of LOO.000 ft. “Altitude Factor” in the airborne ft. Figure 2 3 i series of curves showing breakdown 
performance of contacts on high-voltage switches, relay vollage in relation to. atr ip spacing for various 
etc... may be defined as the ratio of breakdown voltage at electrode shape 
sea level to breakdown voltage at any other specific alti The altitude faetor enters the design stud when 
tude. Very litthe published data are available in regard to introduced into the formula 
° electrical phenomena it low atmosphere pressure Ir , VAT — It v tabliat 
particular, it is diflicult to find accurate values for the aie = oa , aa a a 
iltitude factor tual maxionun ltave 1 bn 
This important design factor has two major uses | ipported by d e under normal 
It can be used to estimate the breakdown voltage at a os room temperature, etc.) 
iltitude of a component whose rating at sea level | ititude factor Grom big. 1) 
knows 2) It can be most usefully employed at the i ‘ : ture Tactor 
ception of the design to estimate the proper electrode 
pacing This ipplic ation of particular idivantage 
because costly preliminary investigations of altitude ef _ 4 att 1 j 
fects can be largely eliminated {room temperature ( (*) 
The general law in which the breakdowr iLage ilety factor (determi iy vil 
ersely proportional t iltituae directly proport ‘ ; ao pate nee 
! tr her pre it i hour hye cor te 
ith measured values to such a large degree that ‘ Derivation of Altitude Factor Formula 
tigation was undertaken to deve i ¢ ica 1} et { that the breakd ' tage 
formula which would be usetu 1 des} f nee! 1: 3 ' 
t I hie id iu | | is the raph : “cing , ede Pr eascnet nos 
i le esult i ‘ lent | 
representatior the derived ititude tactor ¢ rica 
formula (A 0.00106 O.016 where lt 
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big. |—Theoretical vs empirical altitude factor 


At 1OO.000 ft. the theoretical factor is B87 as compared 


»*) 


to the measured value of 13.2. kxplanation of the devia 
tion of the two curve may found in the definition of 
breakdown voltage which theoretically i the first evi 
dence of breakdown, either audible or visual. The magni 
tude inferred is infinitesimal, and if it ean be measured 
then of ly the most « wel nean Additionalls the 
issumption can be justified only over a certain range of 


altatuct \pproachi , vacuum condition the theoretical 


formula dictate mever trereasin iltituct factor. where 
i if known that the factor become mncreasingiy 
maller a i more perfect vacuum 1 reached This 
phenomena used te wivantage in vacuum switches 
apacitors, ete where ery small ai ips support ex 


tremely high voltage 

hrom a practical standpoint, breakdown of an infini 
tesimal nature causes no malfunction to the stressed 
device and may therefore be disregarded. Accordingly 
the curves presented here reflect breakdown where the first 


visual evidence wa observed ino a darkened room 
enerally in the form of corona. On many occasions 
particularly with the larger electrodes and larger gap 


paces, visual corona preceded corona brushes and the 
final explosive are-over by a considerable margin of 
voltage 


If we allow the empirical term 4 to represent the 





1 | ot altitude of A \in. Hg) 


+ + , + ? 





in design of airborne high-voltage components. 


theoretical altitude factor 20.92/b (where b itmos 


pheric pressure of interest) then the theoretical formula 


here | breakdow oltave at altitude of interest 
\ breakdows oltage at sea level 
\ ititude factor at altitude of interest Crom bi 1) 


\pproximately 100 measurements were taken employ 
it i wide range of electrode sizes, shapes, and spacings 
in order to arrive at one set of altitude factors that would 
be applicable to all cases within that range It should be 
noted that the altitude factor is not particularly depend 
ent on the above variables. The factor will remain a con 
stant and only the level of the breakdown voltage will 
vary, As in any hig-voltage, high-altitude study of this 
nature there are always several results that are so fat 
removed from other measured values as to cast suspicion 
on their validity. In order to limit the effect of these ex 
treme values, plot points were calculated that represented 
i more median level, rather than the numerical average 


A smooth curve was then drawn through these plot points 
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using the 50.000- and LOO,Q00-ft values as targets. [hi 
was considered logical in that more confidence could be 
placed in these values than any other. The 100,000-ft 
measurements always had been taken with absolutel 
clean electrodes. and the 50.000-{t measurements were 

rouped and averaged with data from previous expet 
. ments The shape ot the preliminary curve was irabolu 
Because most phenomena of change itt nature follow aorie 
of several laws, parabolic, harmonic, et it mathematical 
expression was then sought which would represent this 
curve with minor variations over its entire range \ 


satisfactory answer was found in the general formula 
an ha c with the measured values at 50,000 and 
100.000 ft as points on the curve 
The solid curve of Fig. | was drawn from the expre 
sion, A 0.016. | 


0.00106 where 4 f 
Altitude Factor and x is in terms of altitude in LOOO-ft 


increments. This final curve deviated approximately 4 
per cent maximum at any point relative to the prelimi 


nary curve 


Measurement Procedure 


lo effect the conditions of altitude. the test apparatus 
was installed in a bell jar which was evacuated to the 
Leads from a two-me ga 


outside the betl jar 


desired atmospheric pressure 


evele high potential test generator 








kilovolts 


Electrode diameter, shape and gap spacing related to breakdown voltage 


were attached to the test specimen \ hown in kip ) 
the adjustable and replaceable aluminum electrodes are 


members mounted on a Mycalex 


supported by stati i! 
lass-bonded mica insulator These members ire 


far enough removed from the breakdown area to have 


no field distortion effect 

lhe electrode diameters were re and in. The 
iif gaps tested were a, ? ; and ¥% in. Two electrode 
tip shapes were employed i flat or harp cornered hay 
is well as a tangential emispherical contour a 
bj 2 

These tip shapes, diameters and air ips were selected 


{ 


because the data from the investigation was to assist in 
the development of intature high-voltage, high-altitude 
devices. They represent the general range of sizes com 
encountered in this type ol design. kor example 


the voltages usually prevent the use of contact diameter 


less than in., while space limitations preclude the 
use of diameters lareer than in 

Measurements ere made under the following condi 
tion 1) room te perature 2» dew ¢ (2 iverage 
relative humidit Ky oper cent +) caretull controlled 


dirt and dust exclu from electrode tips | 


acecutl ale 


alignment and ip adjustment of electrodes »} polish 
ing of electrodes after every five breakdowns. It was 
found Unnecessal © clean the electrode itter é er 





ir breakdown measurements 


Wii ince most breakdowns at altitude consisted 


ona discharge which left the electrodes clean and 


unmarked. If any damage to the electrodes was apparent 
they were cleaned before the next breakdown 
The test breaking 
ticular at a particular spacing 
selected altitudes in this order: LOO,Q00 
0.000 ft and sea level. After these five 
tests (or before) the electrodes were carefully remachined 
to the contour, set with new ait and the 
After breakdown 
permitted to enter the bell jar rapidly in order to 
flush out any 


procedure involved down a par 
ize and shape of electrode 
fair pap) at 


BO OOO G5 000 
proper aps 


lore ikdown procedure repeated each 
air wa 
ozone that might remain. Ozone is a good 


conductor: hence, erroneous results will occur if it is not 


adequately removed No measurements were made bye 


tween 50.000 ft and sea level because that range had been 


previou ly « x plore ad 


Electrode Shape and Air Gap 


An atte inpl was made to record anything of an unusual 
nature relative lo the electrical phenomena oceurring bn 
These 


reneral pattern of phenomena seems to be 


HOO and LOOLOOD {ft 


tween observations revealed 


that the about 
the ame in this range as from sea level up to OULOOO Tt 


While it is not within the 


tempt to analyze all of these peculiarities, two of the more 


of this discussion to at 


observations are 
(l) Flat on 
break down at lower voltages 
This difference is apparent 
field has the 
\pparently tres 


interesting 


sharp cornered electrodes is expected 


than the spherical shapes 


more with larger diameters 


because the opportunity to become more 


homoge neou concentrations exist to 


about the ame degree in’ both the flat) and spherical 


iipped in. diam electrode henee, there is very litth 


difference in the average breakdown voltage even at LOO 


(MM Th, Odie hould not conclude from this that the tip 


hyaapoe with small diameters ts unimportant since the flat 


tipped breakdown readings were very erratic at higher alti 
wtual desien con 


tudes compared to the spherical. In 


sistent results are iarmount wnportanee hence pher 


ical stay or at least rounded corners ine wivisable 
regaradle of the size involved 
; It is an established fact that the dielectris 


ol au volts 


strength 


mil) is not a constant for all ain ips 


Rather it decreases sharply as the air gap is increased 
ind the configuration of the electrodes is made less ideal. 
This behavior is illustrated in Fig. 2, where it can be 
observed that at sea level “.-in. diam flat electrodes will 
support 7500 volts spaced at 0.1 in., or in terms of the 
average dielectric strength 75 volts/mil. This figure com 
pares to 25 volts/mil when spaced at 0.5 in. where break 
12.500 volts. The ratio of 


) 


strengths is therefore 75:25, or 3:1. 


down occurs at a voltage of 


the dielectric 


If measurements at the same spacings of 0.1 and 0.5 
»-in. diam electrodes, but this 
time at 100,000 ft, the dielectric 
ratio of 4:1. 


strength of 


in. are made on the same 
strengths will be in the 
Such a trend indicates that the dielectric 
air decreases not only when the yap Is made 
larger but also when the altitude is raised. 

This phenomena is an important consideration particu 
It means that 


sale” increasing of the air gap in order to support higher 


larly from the design standpoint “whole 


voltage becomes less and less effective with 


altitude 


increasing 
In other words, one cannot materially increase 
the rating of a high-altitude device by using tremendous 
air gaps; one must resort to improving the electrostati« 
field conditions by increasing the size of and properly 


shaping the electrodes. 


Solution of Typical Design Problem 


\ typical problem might involve the design of a relay 
or switch able to support 1500 volts across the contacts, 
at an altitude of 70,000 ft. Further, the device must oper- 


ate in an ambient temperature of 80 C. Space considera- 


tions have restricted the contact diameter to approx) 


mately iy in The problem is to calculate the safe air 


ap hetween the contacts. 


rom the problem requirement, 
\ 1500 volts 
{=7.3 (from big 

l; 

/ % (irom 


f , ~~ - 


3 
favorable environment good 


(considering 
control of contact contour, and no appreci 
able field distortion from adjoining elements) 


voltae \ . 


Referring to Fig. 2. 


LOO volts is 
Tf the pre 


aban 


the required gap for 14 


read as 0.390 in. if join. contacts are used 


liminary requirement of using “),-in. contacts is 
doned, then the wap will change in accordance with any 


new contact diameter that satisfies the 17,.400-volt param- 
eller \ int 


O.250 


tangential contact would reduce the rap to 
would increase the 


The latter is 


whereas a ‘,o-In. Contact 
rap to approximately 0.500. in 


lated 


an interpo 


value 


Conclusion 


The altitude factor curve and the mathematical expres 


should assist the designer of high 


sion presente dad here 


iltitude electrical components, xtreme accuracy is not 


claimed. Precise solutions will not result from the use of 
the data because of the wide range of variables covered 
However, it is suflicient to establish the parameters ol 


Within the bound 


factor is a 


i design with reasonable accuracy. 


Altitude 


shape 


iries discussed, the constant re 


ardless of electrode spaci ind frequency (up 


yn) re 





TYPICAL SERVO APPLICATION 


o/ 
es 


All-Transistor 
Servo Amplifier 


Paving the way for standardized “plug 
in” packages, this discussion leads from 
prac tical transistor specifications lo an ex 
perimental 24-volt d-c amplifier directly 
coupled to the control winding of a modi 
fied servo motor. Transistors mount on 
miniature chassis with injected tubing for 


lore ed cooling. 


The above schematic diagram is typical of 
the type of servomechanism for which the 
experimental transistorized amplifier was de 
veloped. Rotation of the command shaft is 
translated electrically to the synchronous con 
trol transformer where the relative angular 
positions of the command shaft and the con- 
trolled shaft are compared. An error signal 
which is proportional to the angular differ 
ence between the two shaft positions is fed 
to the amplifier. The amplifier output appiied 
to the control winding is translated by the 
servo motor to compensating rotation of the 
controlled shaft to bring it ‘in line” with the 
command shaft. 


EDWARD D. PADGETT, Se 
t or A\MEHIE 


lik SIGNAL APPLIED TO the control winding of the con 
ventional servo motor usually is derived from a vacuum 
tube or magnetic amplifier. A servo unplifier is basically 
1 poor quality rudio amplifies since distortion and non 
linearity are relatively unimportant The use of feedback 
networks improves the stability and dynamic perform 
ince ol the servo loop and reduces output impedance 
noise and distortion 

Although both a-c and d-c tube amplifiers are used, the 

type is more lypical push-pull output stages 
of instrument servos utilize such tubes as the OLO o1 
1\2AU7. Characteristics of a good a-c electron-tube servo 
| “ 


implies are low Crise output impedanes fapproxy 


matel M0 to JOO ohm small phase hift for large 

iInpul signals and a flat vain 1 lrequency characteristy 

However, these unplifiers are relatively bulky packa ‘ 

which require large transformers and power supplies 
Advantages of trar torized servo amplifiers would be 

mall size ! weight, operation from small low-voltage 

d-t powe ) * and ease of miniaturization oon, Com 

pletely transistorized serve unplifiers will b 

ible as standardized piu rn pack we 

er from 6, 12 and 24-volt d-c power 


Design crite for such trat 


i ‘ rvo amplifier 
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Copper 


hig. | from 2N57 
(A) Enlarged 


dissipates 

stud 

collector 
sealed 


function 


germanium 
of 


pruep 
internal 
stud, (B) 
heat sink. 
temperature, approximate 


through 
oo »] 


hermetically 


view 
in mounted 
chassis if 
of stud 


Mirnise apolis Honeywell Regulator ¢ ompany 


unit, serves)§6 a6 


dissipation as a 


per watt source 


than 200 


a flat gain characteristic 


are low noise, low output impedances (less 


ohms), small phase shift and a 
constant voltage vain over a wide temperature range 

\ primary limitation is transistor temperature. Since 
appreciable amounts of heat are dissipated in the large 
collector junction of a power transistor, adequate cooling 
must be provided Otherwise the junetion would overheat 
the the 
2N57 (and H-2) germanium p-n-p transistor is achieved 
by mounting the stud 
hig. 1. This stud beeomes an integral part of the her 


metically hie he 


and destroy transistor. Cooling for Honeywell 


collector junction on a copper 


sealed metal case transistor case must 


Table !—Transistors Used in Servo Amplifiers 


D-c collector 


Junction dissipation 


Collector 
volts, d-« 


Type 


No 


Vendor 
transistor milliwatts max 


type at 25C max 


Smatl-signal transistors: collector dissipation 150 mw or less 


2N34 
2N38A 
2N43A 
2N44 


50 25 
50 20 
150 45 
150 45 


Radio Receptor 
CBS-Hytron 

General Electric 
General Electric 


Sylvania 


Germanium p-n-p 


9 150 
994 150 
OC4aA 150 


Texas Instruments 
Texas Instruments 
Texas Instruments 


Silicon (n-pen 


Power transistors: collector dissipation above 150 mw 


7 2N6? 
H-2 
355 


20 000 
20,000 
36,000 


Minneapolis-Honeywell 
Minneapolis-Hone ywell 
Texas Instruments 


Germanium p-n-p 


951 
962 
953 
970 


1000 
1000 
1000 
3800 


Texas Instruments 
Texas Instruments 
Texas Instruments 
Texas Instruments 


Silicon (n-p-n 


power 
construction 
Cutaway 


Meets 
Ud 
904 
952 


Ip 
alaey ail) 
652410 
110+ 10 


a 
Ty ed 
(oh Ee 20h) 
0.85 + 0! 


Fig. 2--Test setup for transistor noise 
voltage measurement of Table II. 


transister 
shows 
view ofl 
) Collector 
slope 9 I D- 


power 


big. 3 current gain measurement 


for transistor (see Table ID) 


attached firmly to the chassis (heat sink) for proper heat 
dissipation from the copper stud, Because of its unique 
desivn the 2N57 is rated at a d-c collector dissipation ol 
20 of 6 be 
verted to useful sinusoidal output power. 
Transistor Specifications. (Commercially 
vermanium and silicon junction transistors suitable for 
listed Pable | 


transistors are not used in servo work) 


watts. which watts, theoretically. can con 


available 


servo applications are in ( point-contact 


The small-signal 
units listed are satisfactory for preamplifier use, and the 
power transistors can he used as driver and oultpul stages 
This division dissi 


is arbitrary: units rated at collector 


pations of 150 milliwatts or less, at room temperature 


are called small-signal transistors: while those with dis 
sipation greater than 150 mw are power transistors. 

The principal disadvantage of transistors is that they 
devices whose characteristics 


are temperature-sensitive 


vary widely. In general, germanium units function well 
55 (. 
whereas most silicon-grown junction units per 
to 150 C, but do not fun 
tion well at lower temperatures unless unusual stabiliza 


in’ the temperature range from about to about 


Oo ¢ 


form well from about 0 ¢ 


tion methods are used, Consequently, it is important to 
establish device specifications in order to minimize these 
ditheulties for long life and reliable operation 

lable | 
do not meet the requirements, general device spec hea 
ol listed lable I] 


transistors always must be mounted an ade 


Although all of the small-signal transistors in 


tions an idealized nature are in 


, 
| owe! on 


quate heat sink (chassis) when making measurements. 


“Noise E 


of the sizes of emitter and collector junctions. Noise from 


in a junction transistor is related to the ratio 


a good transistor is relatively constant, and does not 


change appreciably with vibration or shock. If an appre 


ELECTRICAL MANUPACTI 


eitaennss Conan aeeneenien 










































Collector voltage 14 
design limit ~ y 
soli ctalan: spied hates anee s. 
ale 
= 
Ss 
2 I 
28 . On 
= . ¥ 2 | Ser “ 
Operating ao xd P17 
voltage eis ' OARS, : rf : 
limit 24 DIT e~ 
‘m NEO i 
- e" Current, I¢, 
-600 -800 o BS, ‘ ~ peok value 
xs each unit 
Collector current, J-, ma Pa i ge a o>. on 
0 " 1 A ees —" 
{ 5 10 100 500 1K 5K 10K 
Load resistance, collector to collector, ohms 
Fig. 4—Static common emitter characteristics of 2N5 
germanium pnp power transistor at room temperature hig. 5 Power output curves for two 2N57 transistor 
operating push pull Working rea hown hatched 
clable increase occurs during vibration. the junctions oF 
onnecting electrodes are faulty. Although Fig. 2 shows : . : 
ee ae . es Table II—General Transistor Specifications 
the ~ ‘ ( ) i-p ~ ‘ oO { sistors . 
ie test circuit for n-p-n silicon junction transistor for Servo Amplifiers 
n-p units can be tested if the meter and battery con — 
wetions are reversed (tl calues for small-signal transistor ept where noted, at normal roon 
te ’ 
lt is more conventent to measure the d- current ill a a — 
t er ‘ Lesst 40 of for emitter current of | ma and t 
is shown in Fis ». than the a-c signal current gain of voltage E t6y 
h power transistors. since the large current flowin in 1500 
through the collector exceeds the rating of many radio sn Raia a saan Between 15,000 and 60.000 ohms 
mponents 
Transistor Characteristics. In order to design tran Collector to base leakage | Germaniu mo hen Syn ot as 
rrent emitter oper ess than 8 ma a Ov 
-istor servo amplifiers it is necessary to understand the ften called | the 
iterature ‘ sthan4ya atl 
haracteristices and parameters of power transistors Thi 
) amall sigr irrent Betw f a ind 60 at 1000 cycles for ollector current 
static characteristic of the 2N57 rounded emitter cor sal ; 4 4 Exc of 6 volte 
hivuration?) is re produced in | 1 b. The maximum Upper Noise voltaye, V toon 40 uv when test jig of Fig. 2 is mounted rigidly 
mit for collector voltage is 60 volts. Maximum collector ind vibrated at an amplitude of 0.076 + 6.010 
through frequency range of 5 to 160 cycles 
irrent is GOO ma Consequently the maximum theo 
current gain, B Betwe 10 and 20 for test circuit of Fig. Sl with bias 
retical power this unit can handle is 60 0.6 or 46 watts irrent ty, ad ‘for | 100 ma ie 
| practy al switching services this device will handle 40 ' , 
vatts. The output impedance ol a single stage is 60 OG I / 


r 79 ohms. Hence. for push pull operation the optimum 
sinusoidal power output would be E°/2R 3600 /300 
12 watts (see Fig. 5). or about 6 watts for a single 
nded stage. Input impedance of the 2N5% power unit 
varies from about 10 to 200 ohms under full a-e drive 
Another reason for the use of push pull stages in the 
output circuit ts that etheiencies of 70 per cent. or better 
in be obtained. From the characteristics curves, for 


sinusoidal push-pull operation etheiency is defined as 


botheienc 


Ordinarily the push-pull output stage of a vacuum tube 
implifier is coupled to the control winding of the con 


entional motor by an output transformer. The imped 





ance (stalled) of such control windings is from about 
0) to 5000 ohms depending on the design. 
Servo Motor Modification. Another advantage of 
left, with control windings modified for direct drive by push 


insistorization is that in most cases this output trans pull 


hig. 6 —-Size 11 servo motor, right, and Size 15 motor generator, 


power transistors 
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big haperimental alltransistor servo amplifier takes error 


ignal from synchronous control transformer. One preamplifier 
md two driving transistor feed final push-pull output stage 
coupled directly to control winding of modified servo motor 


Component value are listed in Table OU 
| 


yiner can be eliminated the control winding is re 


ound to a stalled impedanes of about 150 ohms t 
match the transistor i pedance md ois center tapped its 


terminal can be connected direct] to the collectors of 
the push-pull output stag the d-c collector suppl Table tli—Selected Components for 


oltage f is applied to the center tap on the control Experimental Amplifier of Fig. 7 


windin An additional look at ki » shows the transistor 


characteristic that jn rial thi irrangement Thi uselul a. 




















istors Ohms Watt Resistors Ohms Watts 
orking region of the 2N57 4 hown shaded. Maximum f ; 
I 500 1 ? 100 
inusoidal power output occurs at the intersection of the n 2500 ! , : 
680 1 f 3 ) 
/ ‘) volts and / max 800 ma curve For a f 47 K 1 f it 5 
f 10 K 1 
or watt ae utput to servomotor. the load impedances f 330 1 Capacitors Mid Type 
; f 250K wirt ( 1 
olor contre outle ‘ bis () « - ) 
motor ritral nied houled | ‘bout 150 ohm Thi wound Ce 10 30v Non-polar 
. f 250 K 1 89 3 lvtics 
in ea modification for most of the mater gnstr 230) Cc 9 / 30v canearyit 
i f 33 wir CG 90 30v 
trienit-t e moto wound c 15 Trimmer 
rit | Hiotor t 3900 
hivure 6 show i transicoil Size |l motor and a Size ———— 
1d tbotor enerator wh e control windit have been T Type 11-CT-4A Kearfott synchronous contro! transformer 
modihed for direct drive b yu hy pull AKY powel trans T Type UM-13 Stancor miniature transformer: 20:1 ratio, 20,000-olhm primary 
! Experimental £-watt transformer: 1:1 ratio, 100-ohm secondary 
mtorr mn order to reduce control power requirements - 
Thi pecitheation for modification of the Size LL motor Transistors 
T Type 952 silicon n-p-n junction power transistor ° 
Wil fixed relerence pha ‘ 115 volts at 400 « ps Col Ty to Ty Type 2N57 germanium p-n-p junction power transistors 
trol ppt ise 150 ohms eflective talled impedances center = 


serve motor 
i iy) for Pp ope ration rate dd al .. watt standard Size 11 or Size 15 modified Transicoil motor: center-tapped control winding has 
approximately 150-ohm effective stalled impedance 
pinion output shaft 
Modification pecification ol the Size LS motor roy 
erator, was & pol fixed phase lho volt it 4000 eps 


control phase loo to | » ohms eflective stalled imped 


mee, center tap lor pep operation rated at 6.1 watts quired When a minimum number of components is 
rate generator output 3.2 rms volts per LOOO rpm essential, the preamplifier driver stages can be directl 
tandard pinion output shaft coupled 

Experimental Amplifier. For servo implifiers the An experimental servo amplifier iilustratin some ot 
iipul error signal usually is applied to the transistor for these concepts with moderate stabilization, and suitable 
current or power gain That is, the input signal usually for operating modified Size 11 and Size 15 motors (with 
1 applied to the base electrode of the grounded emitter 150-ohm effective stalled impedance is shown in Fig. 7 


transistor (oceasionally othe conhigurations aire used (Lomponents are identified nm lable Il. Lhe errot signal 


The preamplifier and driver usually consist of from two from the control transformer 74 is coupled, through an 
to five transistors and the power output stages usually RC network, to the 20,000-ohm primary of a miniature 
consist of trom two to tour push pull power transistors transistor transformer 7. Resistor R 


is a balancing 
dependin on the amount of gain and. stabilization re control and R, is 


a gain control. The secondary of 7 
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4:33 
Me a ig 
impedance rotio 





Fig. & Pransformer - coupled 
standard 


M-ohm stalled 


amplifier output to 
size 1D motor 


arniypee dan t 


B 


Fig. 9 -An experimental ampli- 


Roll-Bond 


| 
printed metal chassis. 


fier mounted on 
Injected 
tubing permits foreed air or 
fluid cooling to dissipate heat 


from collector junctions 





nN 


big. 10 


Bond chassis and placed nm 


Performance curves of amplifier mounted on Koll 


hot-cold” box to test temperature 
characteristic 





is connected between ground and base of a type Yo2 nep-n 


silicon junction. transistor l (Small signal units such 
as the 904 or 2N43A can be used as input stages 
ever desired.) Here the 952 
Resistors R, and R, are 


parallel value of transformer winding and R 


when 
is used as an emitter followet 
used for stabilization, while the 
establishes 
the operating pont 


fixed bias operation) of the input 


load 


also provide . bias to 


slave Because of the method of direct couplin thr 
resistor of the emitter follower, R 
establish the operating point of the first 2N57 

Current feedback through Ry, in conjunction with R 
issists in stabilizing 7,. Resistor R 
voltage for 7, and bias current to the base of the driver 


stage, 7 


emitter 


supplie m4 olle elor 


Transistors 7 ind 7. are used in the grounded 


configuration im order to obtain current and 


power gain. Current flow through R 


the driver stave An 


assists in stabilizin 


idditional resistor from base to 


round of this stage though adding another component, 


would provide additional 


stabilization against chanves 


iused by temperature variations 


lhe driver i coupled to. the 


push-pull power output 
stage through a simple transformer 7, with 
ince ratio of Lil. The LOO. 

that positive bias ean be 
and 7, in order to 


terminals A and B oof the 


an imped 
him secondary is center tapped 
ippl ed to the bases of 7 
reduce leakage cucrent. The collector 
connected 


modified 


cvuatyprut lave ire 
directly to the control windines of 2 and 7 of the 
ervomotor 

The necessity of having to “select” power 


istors for balanced 


output tran 


matched current, is reduced by 


including resistors R ind KR in the emitter cieuit 


Although resistance in the emitter cireuits reduce powel 
obtained if 
degeneration is present. and tf the transistor ive derated 


from then 


output 


longer ite ind’ relrabilit will be 


optimum tlues of collector current and volt 


ioe 

lor a uitable 1 put ivnal, resistors PR nd KR are 
idjusted for minimum distortion and ippropriate motor 
operation 


tor ¢ 


Addition i} adjustment of motor tunin capac 


optimize the Oper ition of the tem Lhe voltae 


un of this configuration depends on the 


| idjustment of 


the component ind ine from about 150 to YOOO. A 
oltace un of about 2i5 4 idequate for drivin thre 
tandard 5SO0-ohm trol pred toa conventional Size 


15 motor. when it is transformer coupled to the output 


transistor bigure & shows hov i Hiter-lapped tran 
former with an ipedance ratio ol bo) to SOO Loe 
hins, and rated at 6.1 itts. can be connected to ter 
minals A and FB and used itty thie tandard parallel 


operated S124 lo motor 


Packaging. Ihe present trend in packaging servo 
implifiers is towards miniature plugein chassis, using 
printed cireuitt wherever possible Also. there are re 
quests for these devices to be designed for reliable op 
eration in very high ambient temperature lhe answer 


to this problem may be in mountin 


electronic Compo 


nents on “cold-metal plu n plates In this respect tran 
torized servo amplifies can be mounted on a new 
chassis material made by the Western Metals Division of 


the Olin-Mathiesor 


Chemical ¢ orporation, Such chassis 
Roll-Bond” tubing 
etchin and hy- 


inject the tubing in a 


made trom sheet metal with 


printed in the metal. A’ combination 


drauli pres ire tre ‘ ed le 


(Continues wine S4 
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SECTIONAL Com™irree C50 
AMERICAN STANDARD. ASSOCIATILO Ine 
New York N. ¥ 


ASA Revises Standard for 
Rotating Electrical Machinery 


Vew edition of CSO Standard has just been published in. sectional 
lorm for greater flexthility. This first major revision since 1943 


includes many recent developments in machine design and practice. 


JETER FIVE AND ONE-HALF YEARS of work by the ASA motors. voltage wave shape. direction of rotation, venti 
Sectional Committee on Rotating Electrical Machinery lation and enclosures, terminals, frame dimensions, and 
American Standard Rotating Electrical Machinery C50 nameplate marking 

l9b3 has been completely revised into seven separate hor maximum utility each section of the new Standard 
Clion bach section covers a major proup of rotatin s self contained, with cross-references to other sections 
electrical machine ind imelude uch requirements as of the Standard being avoided entirely or kept to an 
ervice condition lest ratings, temperatures, motor thsolute minimum (exception Motor-Generator Sets 
lorepue over peed tarting characteristy performances see below). Sectionalizing the Standard will enable the 
spectiication forms. efhetene dielectric tests. overload designer or user to secure only those portions of the 
oltave regulation of venerator peed regulation of Standard of particular interest to him. Further, each 


section can be revised inde pende ntly to keep the Standard 


up to date more easily The section numbering system 


provides for inserting additional sections as they are . 
To order the new American Standard for Rotating needed 
Electrical Machinery C50-1955 .. . Durin the long period between the 1943 edition and 
Write to: American Standards Association, Inc. th i) revision. many of the major developments and 
70 East 45th St., New York 17, N. Y. ; = ee aj ‘ti ’ . 
p hanges have occurred in rotating electrical machine 
HICES 
practice and design. Much effort on the part of the Sec 
Complete set of Sections: without binder $6.2 


tional Committee, and specially « reated subcommittees 
with binder | 
was required to reconcile conflicting views on major 


Individual section matters. Every effort has been made to have the revised 
Standard cover up-to-date American practice But some 
(501-1955 Synchronous Cenerators, Syachronou-, 
Motors, and Synchronous Machines in changes in practice still in a transient stage remain to 
General 1.80 be included in early revisions. 
(.50.2-1955 Alternating-Current Induction Motors A review of important changes in each section of the 


Induction Machines in General, and Sender follows 


Universal Motors 1.30 
(50.4-1955  Direet-Current Generators, Direct- Cur 
nent Matore. aad IieotCureent Com Synchronous Generators, Synchronous Motors, 
mutating Machines in General 1.50 and Synchronous Machines in General 
€50.5-1955 Rotating bvcitor lor Synchronous (C50.1-1955) 
506-1955 op Set pq Included in this Standard for the first time are three 
Oe SS a a Sees eer. nes standard hydrogen pressure ratings for conventional 
ator 1.00 hydrogen-cooled) synchronous generators. O.5, 15. and 
(50.20-1954 Test) Code for Polyphase Induction 
Motors and Generator: O.80 tae : 





10 psig, and specifications for kva-capacity to kva-rating 
ratios for standard hydrogen operating pressures othet 
than machine rating. This has required two temperature 
rise tables, one table for air cooled machines and the 
other for hydrogen-cooled cylindrical rotor machines 

Short-circuit current rating of a synchronous machine 
has been the subject of considerable discussion for many 
years. This revision provides that a synchronous machine 
shall be capable of withstanding: (1) a 30-see three 
phase short-circuit at its terminals, and (2) any othe 
short-cireuit current, other than three-phase, not greate: 
than the three-phase short-circuit current, provided that 
the integrated product of the duration of the fault and 
the square of the negative sequence current does not 
exceed a given value. 

Requirements for dielectric tests have 


Included for the first time. as a 


heen clarified 
alternate to the a- 


dielectric test voltage. is the recognition of a undires 


tional test voltage for synchronous machine 


rated 6000 volts and above 


windins _ 
although this alternative test 
Is subject to agreement of the manufacturer and the 
of the machine 


sel 


Provisions relating to telephone influence factors of 


synchronous generators, Condensers. lrequency ¢ hangers 


ind phase converters have been extended to lower ratings 
than be fore. 


Alternating-Current Induction Machines. Induction 


Machines in General, and Universal Motors 
(C50.2-1955) 


hor single-phase induction motors. both in the fi 
tional 


ra 
and integral-horsepower sizes, there is included 
the basis of horsepower rating. expressed in terms of 
breakdown torques, and also the locked-rotor currents for 
single-phase Design L (high starting torque, normal start 
ing current) and Design M (high starting torque low 
starting current) integral-horsepowet motors 

kon polyphase squirrel -cage integral horsepowe! in 
rated | to 200 hp NEMA 
design letters are included to denote the performance 
characteristics of the motors in terms of locked-rotos 


ind breakdown torques and locked-rotor current 


duction motors. standard 


Service factors have been revised for open-lype mo 


tors. 2 hp and smaller: these vary from 1.2 at 2 hp to Ld 


at 1/20 hp. Open-type motors rated 3 hp and above 


still retain the 1.15 service factor. Horsepower and speed 
ratings tables have been expanded. 


Direct-Current Generators, Direct-Current Motors, 
and Direct-Current Commutating Machines in 
General (C50.4-1955) 


kxcluded from this section are machines for traction 


use and machines used in aircraft. Rotating exciters for 
synchronous machines are covered by €50.5-1955_ (see 
below ye Ine luded are ratings and performane e character 
istics for the larger d-c motors above 200 hp published 


in the NEMA Motor and Generator Standards. These 


motors are in three broad categories: General industrial 


motors, constant speed : general industrial motors. ad 


justable speed; and metal rolling mill motors, 


able speed, Class N and Class 5S. 
\ comprehensive 


adjust 


revision of the table of observable 
temperature rises, measured by either the thermometer or 


resistance methods. for d-c machines other than fhp 


motors. 1955 edition. This table was 


is published in the 

















What Makes an 
American Standard? 
© Briefly stated an 


American Standard 
maker 

roups as to the best current practice with regard 
to some specific problem 


represent: 


agreement amon seller and uset 


It is intended as a guide 


to designer, manufacturer and user, but it is not 


law All standards are subject to periodic review 
this current revision of the rotating electrical 
machinery standard represents al | veut project 


on. the part ol the ASA Sectional Committee on 


Rotating Electrical Machinery, C50. comprised of 


over 30) representatives and alternates from the 
AICK, AIEEE, ASME. ASK. NEMA, public utilities 
telephone companies and Navy BuShips Special 
subcommittees were organized = for synchronous 


machinery and exciter stuclc 


All names of repre 


sentatives are printed in the Standards 


Suggestions tor tuture 


| ditor 


revisions are invited by 


the committee 


ae veloped by the 1-4 


Viachines 
AIKE Rotating Machinery 


Subcomumnittes ot thee 
Committee 

(Editors’ Not This new temperature rise table per 
mits a 60 © rise for dec dripproof machines with Clas 
factor This 
NEMA Sugeested 


LECTRICAI 


B insulation and having a L115) servies 
is in tine with the new 


for Future Desien 


Standards 
MANUFACTURING, De 
NEMA. classification 


simplified horsepower 


L955 Pp 116) However. the new 
Industrial D-C Motor. with its 


speed rating table. has not been included in the American 


Standards 


Rotating Exciters for Synchronous Machines 
(C50.5-1955) 


This new section was included to make it unnecessary 
to sift out the requirements for d-c exciters from the d- 
machinery standards 


exciters both self 


The scope includes main and pilot 
and separately excited, used for the 


excitation supply to large 


central station synchronous 


machines Standard voltage 


ratings of 62.5 125, 250 


$75 and 5OU volts and standard speeds ire listed, along 


with requirements flor temperature rise, commutation 


efhiciency determination, voltage regulation, voltage sta 


bility and exciter re sponse characteristics, and dielectric 


tests The dielectric test voltages are higher than normally 
specified for de 


machines to coordinate with specifica 


tions for synchronou enerator field) windings 


Motor-Generator Sets (C50.6-1955) 


for brevity and clarity. this section consists entirely of 
kilowatt, voltage and speed ratings. The set ratings are 


NEMA Motor and Generator 


characteristics of motor-gener 


those that appear in the 
Standards. Performances 


(Continued on pau 1 
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Electropolishing Increases Spring Fatigue Life 


Jou 
| 
{ 


been 


other 


| 


ji 


MER 


p 


operation and quality control 4 easily 


maintained imnsthae proce Vheretore 


ectropolishing appeared to be the log 
il finishing method tor this contact 
The results of pilot) operation 
completely ( sive ind full 
production wa 
ue dite properti 6 to Ld time 
r than for the untreated springs 


obtained, Testin of dail 


produ 
yroved the il Life nerease 
| 


stent 


olishin 


i] 
more combination 
firme temperature 


I one to-cathe 


rent density are 


is will be the micro 


impressions, which will be removed at 


i much greater 


rate than in the low 


current density de pre pon hie ereater 


de £ of heat 


Nirerallt 


renerated by the higher 


control switeh asse mbly 


ymin HII 


wsrnic 


ta iped from 





eurrent densit ilso contributes to the 

ore rapid dissolving of metal in thi 
irea 

Another feature ol electropolishi ‘ 

is the elimination of hydrogen embritth 

n is liberated at the surface 

of the piece rather than hydrogen. Thi 

ition also increases passivity which in 

turn venerally improves the corrosion 


resistance 
An electropolished surface is) en 


tirely smooth ervstaline and without hig } Critical stress raise is hefore electropolishing 


the distortion that occurs from = other enlarged) 
finishing methods since surfaces of this 
type are said to be stress free. Stres 
concentrations due to sharp edges and 
roughness around holes are removed 
by electropolishing. Compare Figs. 5 
and 4. This deburring action is a result 
of the burr being a relatively high 
current density area which is removed 
at a faster rate than the surrounding 
area. As surface finish is improved, the 
fatigue strength is improved propor 


tionately 
Because of the intricate shapes of ¥ Same area as big. 3 after electropolishing 
many objects, the various methods of 


mechanical finishing are either impo 


sible or pose problems as to removing grit blasting, is also de the design stage offer iltractive poten 


material uniformly. Electropolishing in these are potential stre tial for greater endurance and pet 


ereases corrosion resistance and = thus pending upon size, shape. and distribu formance of electronic relays and con 


reduces the possibility of potential tion tact spring 


stress raisers created by surface irreg Klectropolishin these contact 


ularities and pits resulting from cor prings has more than doubled the References 


rosion fatigue life possibility over that of ty 
This method reduces fine prin 


Kk 


‘ | 
made of other metals finished 


sulting from overheating cé by mechanical mean Detailed test re 


polishing and butling. Also eliminated sults cannot be released at this time, a 


ire seratehe metallic seams and in the work has not been fully declassified 


clusions caused by rolling. machining is to militar ecres 
ind rinding Work hardenin ‘ These re Its indie thal 


i ile that 


duced in barrel finishis or 0 tion of this electropolishit 


Low Nickel, Austenitic Stainless Steels 


Iwo ew AIST cranes of staink 
teel, Types 201 and 202, have been 
ntroduced a low nickel, high manga 


ese alternate to conventional auste 


Chemical Composition AIS! Types 201 
Element, per cent 


P Ss é Cr 
lie Ly pe The Ye new ti ale repre sernit 
' 2 0.060 0.030 1.00 16.0 18.0 
olution to the dilemma of meeting , 
f max a a 
increased demand tor austenitic stam 
0.060 0.030 1.00 17.0 19.0 406.0 
le steels in the face of a continuin 


. - = 
nickel hortage 


The first major use of low. nickel 


manganese steels came with World War 
Il and the production of an alloy con 
taining 17 per cent chromium, 4 pet 


cent nickel, 4 per cent manganese It 


Mechanical Properties of AIS! Types 
ve used largely in the trensportatio of Stainless Steel 


field but presented ome fabricatior ae 


difheulty due to bs cold form = ? Pe 


eld Strengtt 
il operations ! high a 
work hardening 


000 115. 000 
During the Korea lergenc 000 110,000 
order M-80 limited 1 6 f nic 2 55 000 165 000 


000 90 000 
et cy ili il 
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taint ithe ominally nickel mee austenity tainle tee 


1S per cent ¢ 1 per cent consume one-fifth of | S. nickel pro 


17 per cent) Mr Although the duction. And while nickel pr 


roduction is 
mechanical prope ri ot thy teel were constant! 


increasing, production in ervo Motor 
— 
omparable to those of AISL T pe 301 rease in stainless have been substan 


to odid not ipproach the tandard grade tiall higher Other demands on nickel 


in corrosion resistance or hot orkir } il 


” 
V in | o been on the increase as equip va uation 
haracteristy loday however ible nent operating temperature rise 


if this veneral COMposition th higher phi wal and mechanical prop 


froven content ine indet tud and ot the 


n ‘ f Iwo new type are very Nomo; ra h 
now yreat promise ino é i to those of ly pe Ol and 302 


orrosion. resistan ength, ultimate tensile trengtl 


mad hardne in the annealed condition 


AISI 1 yee il ‘ a " ‘ 


experi \ Vv ‘ il vreater cle 


e table 


JOSEPH FF. SODARO 
Registered Engineer 


manganese i iflect production ye \ 64. ( 
‘ nyuele ) 


ekyround in produ y ‘ iardening characteristics of 


hich offer the de conform to known for [Wo CRITERIA Ot 


of merit with wide po teniithe Ly pe response art 

Phese are the first of temperature test the 200 

i leruitae tainle ! } lo ft j exhibited propertie uperiolr Porque pnertia ratio of as 
do by the industs quivalent types in the 300) serie congue tO MOOT Fovor Mere 


family of Liainnde eed ” tt trengths of Type I compa! Porque ? tio 
| ithystitu est ed ! ivorably with ‘J yee 47 and upe 


torque tw mput power 
Hntnedimute emernen lw | 


ype 304. Similarl hort-time 
Production of 201 and 2 ' elevated temperature — propertie are lo evaluate available motos 
1955 amounted to |e nt onsiderably higher than those of the partie ular system, the designer 


\ recent nye oy ' comparable type in the SOO series the accompany it hart 
ile that durin the currey ) I hve caling resistance of the 200) 
Procedure 


tantial quantitee b> Som eri teel is equivalent to that of 


> j , ivhtedy I v 
midu i le ader " | i rowtl jee Ol and 302 | | lace : tral it ipe betwee 


up to approximate | 
torque on the / ile and inertia on the 


I scale 


trend to continue lt hieve iltimatel boO0 | At hivghes temper ilure ‘ iling 


these type will replace ip to BOO per proceed more rapidl ind henee 


ent of the higher nickel Type Ol and recommended annealing temperature 9 Read 


lorque-inertia rath 
KO” Phi im expectation closely tied ie SO k to LOO k lower than those 


used traightedge crosses F seale 
ley estimate ol the re availability of 


) 
S. From same ilue of torque on / 


ale connect to Inpul power on the PP’ 


cal 


1. Read torque-ethereney ratio 


cale intersection 


Example 


lo determine lorque-inertia ‘ 
torque efheirency ratios of @ motor ae 
veloping 4 oz-in. torque with 0.03 oz-in 
rotor inertia for power input ol 


watts 


1. Place straightedge at 4 
T and 0.003 on / 


2. Read torque-inertia ratio 


from scale I 


§. Pivot straightedge about 4 o1 
ntersect B 5 on Pp 


} Read torque etheiency ratio of 0.4, 


on ¢« scale 


Malt cups and similar piece hown are being produced by Bloomfield 
Industries, Inc., Chicago, using Type 202 low nickel stainless steel in place 
of Type 302. The malt cup consists of a drawn body with a welded base 
md handle. The body is drawn from 0.025 in. stock in eight: operation 

Hireaighout all operations including drawing, curling, polishing and spot 


welding, there were no noticeable differences between Type 02) and 


Py ye ta 
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ind 
marine 


imple 


Fabrication 


of Types 2013 and 202 


indled in 
0] ind 


illow and 
«uy Ni Mr 
identicall 
but usually 
justed te 


occur 


notice able 
Ni steel 
machin 
velding 
platin 


now 


ircuit for heat eveling 


of aluminum 


Welding Characteristics 


Considerable test and product 


welding of the Cr-Ni-Mn steel 


them 


ion 
prove 
ne welding 


rades 


Sone 


i reduced 


tendency toward intergranular precip 


itation of chromium carbide When 


wire or electrode 


ire used. the 


of either conventional chromium 


nickel analyse or Cr-Ni-Mn at 


to match the base 


ial I 
oOmpo ition 


There has not been a single unsue 


of ful ipplie ition a Cy Ni Mn -tee] 


discovered to date 1 he lowe 


corrosion resistance of these 


limit their application where re 


to pittin trom certall chloride 


lanes 


eon 


pound j needed ot in’ other places 


vhere the pe 0] 


ind 302 1 


opinion il pre 


aned for the 


ureralt-type connector 





HIGHER DIELECTRIC 
RETENTION 


GREATER FLEXIBILITY 
MORE HEAT RESISTANCE 
AVAILABLE IN COILS 
CAN BE AFTER-TREATED 


i all Even under the most severe operat- 
AVAILABLE IN FOLLOWING ' 
ing conditions, Varfil Sleeving and 
NEMA CLASSES Tubing retains its average dielectric strength 


I'wist it, tie it, bend it, 
CLASS B-A-1 wrap it, knot it. Remains just as pliable 
7000 VOLTS AVERAGE 
CLASS B-B-1 ; 
4000 VOLTS AVERAGE 1,000 hours at 125° C. and even for extensive pe riods at 150° C. Ie 
CLASS B-C-1 won't break down. Can be after-treated in baking and varnishing opera- 
j | 
2500 VOLTS AVERAGE 
CLASS B-C-2 ' 
1500 VOLTS AVERAGE coated tubings. Available in handy coils so you can cut the exact lengths 


you need ... no waste. Standard colors. Wide range of sizes. 


EXCEEDS OR MEETS ALL A.5S.T.M. SPECIFICATIONS. 


as when you started. Won't 
crack, peel or suffer dielectric loss. Heat Varfil 2000 hours at 110° C. — 


tions. Reacts better than other oleoresinous materials and synthetic 


[pe ee ee ee ee es ee ee ee ee ee ee ee 


VARFLEX CORPORATION 504 W. Court Street, Rome, N. Y. 


Please rush free folder contain ng samples of 


CORPORATION 


Makers of Electrical 
Insulating Tubing { 
and Sleeving 


vo Sleeving and Tubing. Also id 


SEND COUPON TODAY 
FOR FREE SAMPLE FOLDER 


State 





DESIGN TRENDS Should any jumpers heat up exces data 


obtained by this test 
ively due to a resistance 


a comparison 
increase the of the test terminals 


may be made 
must be removed from the circuit. After 


Femperature and resistance data along 


removal, the circuit eurrent should be with relative conductivit 


readjusted to compensate tor the plotted to 


reduced circuit resista 


may lie 


present a more ¢ isil read 
net From the evaluation 


A Reminder for Designers of D-C Powered Machines 


ROBERT EF. KING 
klectrical Engines 
Kaus K Myer 


i iil bt NDAMENTAI CLOURSELS 
deo machine the design engineer 
learns that series-wound motors display 
in annoying tendency for self-destruc 
liar \ an unprotected ind unloaded 
ere motor accelerate the built up 
f armature back-eml catise propre 
ive reauectior i" field current hie 
resulting field weakening le ads to fur 
thet peed merease bringing about 
ore freld weakening a ind the con 
bition Know! i runaway 
er peed can also occur in a 


motor that lose il 


in well-designed equip 
Is rare ind some ma 


may be lulled into for 


in happen it all I hie 
g. | This is what « motor looks like after runaway. Machine 
uch thinking 1 dramatically 


is bevond 
economical repait 
1, which illustrates the 


created when a d-c motor liter 
exploded due loover peed \ «small 


The motor pietured wa being used nator trequeney output trom Zo 
Known i i no-held 


drive an ilternateor \ resistance ep The motor shown had a rating 


evented this total rheostat in the shunt field cireuit lO hp, 750 to 1450 


rpm, at 220 d- 
the motor wa furnished to adjust volts 


peed providin range of alter Phe iweecident typihes the potential 
ned othe equipment 


big. 2--Typical operating characteris 


tics of shunt-wound and series-wound big. 3 Schematic wiring diagram for d- 


motor protected against runaway 
d-c motors by field-lo relay 
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ower at less cost... 


yn” 
ane? coi cro™ 


.e” 


v ial 
. X-ROY Equipe” 


Appliance® ness Machines 


Busi 


Electric Organs 


Amusement Devices 


No. 11 A.C. or D.C. 


EDEN 
SOLENOIDS 


Outstanding in Guardian’s complete 

line of A.C. and D.C. Solenoids—the 

versatile, compact Guardian Number 11 

Solenoid lifts up to 39 ounces, has an 

adjustable plunger stroke ranging from 

l,-inch to l-inch. The average powell 

No. 1G A.C. or D.C. requirement is 27.5 V.A. for the inter No. 12 A.C. 

A small lightweight unit available mittent duty type, 8 V.A. for the con Small A.C. unit with laminated con 
for A.C. or D.C. Continuous or Inter tinuous duty type. Available for opera struction. Intermittent or Continu 
mittent duty. Adjustable plunger tion on any power supply from 6 to 110 ous duty. Adjustable plunger stroke 
stroke: 6 to %% inches. Lift: up to 15 volts D.C., or from 6 to 230 volts, A.C lg to 1 inch. Lift: up to 32 ounces 


sarge capacity urdils 
ounces. Weighs only 3!4 ounces Large capaci sturdily constructed Weighs only 


».9 ounces 
pric ed low 


eae 


x '. 
5th J 
<= 
No. 4 A.C. or D.C. No. 7 D.C. No. 18 A.C. 
Sturdily constructed with metal frame A rugged D.C. Solenoid enclosed in Power type laminated A.C. Solenoid 
Available for A.C. or D.C. Continuous metal cover for extra protection. Inter Rugged construction. Intermittent o1 
: Continuous duty. Adjustable plunger 
F > : y Istz > - ) on uol 1 VY ust ¢ ‘ : 
or Intermittent duty. Adjustable mittent or Continuous duty. Adjustabl stroke: % to 1 inch. Lift: up to 9.5 
plunger stroke: 14 to 1! inches. Lift: plunger stroke: 14 to 2 inches. Lift: up pounds. Note heavy duty plunger 
up to 24 ounces to 7 pounds. construction 
WRITE or wire today for your Free Copy of this New 8-Page Guardian 
SOLENOID BULLETIN "SOL-8”"’ including the new Power Types 


GUARDIAN WELECTRIC 


1627-GW. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE Cemt CH CHOmMIAOLS FERIA Am eicCam twOetiag 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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danger that faces those who use large 
d-c motors as prime movers. In the 
case above, the shunt field in the motor 
opened when vibration caused a poor 
connection behind a control board An 
excessive overspeed of possibly 15,000 
rpm oceurred, The rotating armature 


developed a tremendous 


centrifugal 
force as a result of this high speed 
causing the clamping rings to disinte 
grate and allowing the commutator 
bars to tear free, The iron and copper 
from the commutator assembly partly 
buried itself in the concrete walls and 
floor. The brush rigging and the bear 
ing bracket were completely destroyed. 
Fortunately, no one was injured, but 
valuable equipment was destroyed, Had 
an employee been within 75 ft of the 
machine, and in line with the commu 
lator a flying segment would surely 
have caused injury of death 

An aceident of this nature need not 
ecceur kor many years, sie ho de vices 
as no-field) release mechanisms have 
heen available to protect the machine 
and operating personnel, The devices 
are not particularly expensive; rather, 
they are a cheap form of insurance to 


protect against such accidents 


Miniature Bearings 


MINIATURE BALL BEARINGS, installed on 
the main tape drive shaft, keep friction 
at a low level and extend the battery 
life of a pocket-size tape recorder, Fig. 
1. Designed for medium speeds and 
loads at low torque, the flanged radial 
retainer type bearings are also sup 
plied with single shields for protection 
apainst dirt and dust contamination 
Flanged construction facilitates easy 
press fit during assembly, 

A spring belt’ from the 3200-rpm 
povernor controlled motor passes over 
any idler pulley and around a 3° x,-in 
flywheel mounted on the tape drive 
shaft, big 
and flywheel diameters is controlled 


2. The ratio of the motor 


to maintain the drive shaft speed at 


270 rpm 


A second spring belt connects 
the tape drive shaft to the take-up reel 
shaft. This ratio is arranged to keep the 
take-up in step with the speed of the 
tape drive at all times. The two spring 
belts on the shaft, plus the pinch roller, 
exert a radial load of I's Ib on the 
bearings 

The removable tape cartridge con- 
tains two coaxially-mounted — reels, 
mounted side by side, and free to turn 
independently of each other. Either 
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The operating characteristics of a 
shunt-wound d-c motor are such that 
the speed is reasonably constant for 
any particular 


field rheostat 


setting of the shunt 
Figure 2 shows two 
curves, one of which is the typical 
drooping speed characteristic of the 
shunt motor. There is relatively little 
change in speed from no-load to full- 
load. The other curve shows the speed 
characteristic of a typical d-c series 
motor. Note that at light loads the 
speed is much higher than at rated load, 
and at no load, the speed may become 
tremendous. In the case of the shunt 
motor, if the field circuit: is greatly 
weakened or opened up entirely, the 
motor will then assume the character 
istics Of the series motor, This is par 
ticularly true if the shunt motor is 
operating at a lightly loaded condition 
This was the case pou tured in the photo 
graphs 

The means of preventing excessive 
overspeed are few in number, although 
The basi 


idea involved, however, is to permit 


they may take several forms. 


automatic opening of the supply lines 
to the motor in the event of loss of 
field 

Figure 3 shows a simple starting cir- 
cuit for a small d-c motor. When the 
start button is depressed, contactor coil 


Vis energized, and the main line con- 
tactor M closes and energizes the motor. 
The coil M is kept energized after the 
start button is released by the holding 
contact M around the pushbutton, Note 
the field loss relay FL in the shunt field 
circuit. As long as some minimum 
value of field current flows in this coil, 
contacts FL in the control circuit stay 
closed 

In the event that any part of the 
motor field cireuit fails, such as the 
rheostat, field winding, or coil itself, 
relay FL loses its power and the FL 
contacts drop out. For simplicity the 
circuit shown here is primitive in that 
no overload devices, field) discharge 
resistor, disconnect switches, fuses, et 
are shown. A well designed controller 
would obviously include several other 
features of protection and control. 

Existing installations may be revised 
to incorporate protective features suc h 
no-field relay. It is 
preferable, however, to specify protec- 


as the release 
tive devices when the motor and con- 
trols are originally ordered from the 
manufacturer. The original manufac- 
turer is usually in a better position to 
provide a satisfactory system of control 
at less expense and with greater con- 
venience to the equipment user, 


Extend Battery Life 


Fig. 1 
set of hearing aid type batteries. 


A 1/8000-hp motor operates pocket-size tape recorder up to 45 hr on one 
Recorder, manufactured by 
Machines Corp., Brooklyn, N. Y., measures 1°) x 37% 


Mohawk Business 
x 84 in. and weighs 3% Ib. 
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If you need to guard against overloads, it'll pay you to use 


Ad | ¢ kp mercury — 


ake relays require no maintenance latever are a and 


aa Naas eneiienh ee dirt, moisture and 
temperature ¢ ae can’t affect their operation. Mercury-to-mer 
cury contact gives ideal snap action, with no burning, pitting or 
sticking. Time delay characteristics are fixed and non-adjustable 


voll For more information about Adlake Relays, write The Adams & (Rade) 


Westlake Company, 1168 N. Michigan, Elkhart, Indian 
TO eer 
The Adams & Westlake ( Company 


1s . WAAR Ore 2 INDIA ue 
nd largest rer ry 





DESIGN TRENDS side of the cartridge may be placed 


ietiensieaeeiatie denen down on the spindle; prongs on both 

sides of the spindle automatically en- 

Cartridge eat gage the lower reel with the take-up 

eae pressure pod i mechanism, Fig. 3. In operation, tape 

' emerges from the upper reel (which is 

free to turn), passes over the tape 

drive shaft and tape guides, and re- 

enters the cartridge through another 

slot where it is wound on the take-up 
reel 

Only one side of the tape is used 

during recording. Dual track record- 

ae (shouw dotted) | ings are made simply by turning the 

cartridge over; total recording time 

TROT CEPRRENNS Oty? of both tracks is 1 hr. A window on 

| the cover enables the user to see how 

\ Miniature radial bearings much tape remains. Battery life is in 


tlanaed single-shielded ret r) 
en, Oe eet ee dicated by a light which goes off when 


O3175 in O, 01250 in bore 


, , 
| A000 " only 2 of recording time re- 


motor 
main. 


1700 


hig. 2 (above) Spring belt from motor passes over 
idler and around flywheel on drive shaft. Second 
belt from drive shalt coaneets to take-up reel 


hig S$) (right) Miniature bearings, manu 


factured by Miniature Precision Bearings, Ine. 
Keene, N. H.. are mounted on drive shaft to 
reduce friction and extend battery life of 


ree order 


Xerography in Printed Circuit 


\ New prontep circuit fabrication pro 


cess provides considerable time and 
cost savings for prototype work, model 
hop, and other short production run 
It involves the use of xerography 
which is an. electrostatic method of 
copying widely used to make master 
paper plate for othe duplicating 
equipment 

In the new application, a powder im 
ave is transferred from a= charged 
XeroX selenium plate to a sheet of trans 
fer paper, and thence to the face of a 
copper-clad laminate. The powder pro 
vides the resist pattern. After etching, 
metal is left only where it was protect- 
ed by the powder resist as determined 
by the original circuit drawing. The 
xerographic powder is then removed Chemical resist’ being electrostatically transferred from a sheet of transfer paper 
by solvent, leaving the completed to a copper-clad laminate prior to etching. 
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Why Bodine motors 


were selected 
for 


: Howe Scales 


A combination of a Howe Mechanoprint and a 
Tape Drive Dial, it’s used for industrial applica 
tions such as weighing loaded trucks. 


The printing mechanism of the Howe Mechan- 
oprint is operated by this Bodine Type NSI-13, 
1/40 fractional horsepower motor. 





ght printing mechanisms 
lowe Mechanoprints 
by Bodine Motor 
motor of highest 
dependability, a 
to withstand the 
intermittent 
conditions 
provea 
themselves to be entirely 
satisfactory in all respects 
We are well pleased with 
their performance.” 









Bodine Motors?” with some real good “reasons 


6 Mr. Blackwell answers the question, “Why 
why’...see above. 


OUmnyY ht ch CA PRECEDING BACK C4 








This is a two-in-one piece of equipment. It 
weighs a load and simultaneously records the 
weight. 





With the load in place, you press a bar, and 
the weight is automatically printed on a tape, 
ticket or form. 





Manager of the Electrical Products Division of 
the Howe Scale Company is Mr. John §& 
Blackwell. 


BODINE 


fractional 
horsepower 


MOTORS 





Be sure your motor is as good as your prod 
uct. Contact Bodine Electric Co., 2256 W. Ohio 
St., Chicago...or check your Sweet's file. 


BODINE 
MANUFACTURES 
FRACTIONAL 
HORSEPOWER 
ELECTRIC MOTORS 
FOR: 


adding machines 
letter openers 
sanders 

vending machines 
exhaust fans 
duplicating machines 
hand dryers 
portable tools 
sound recorders 

air conditioners 
check protectors 
respirators 

voltage regulators 
x-ray timers 

traffic signal timers 
stirrers 

calculating machines 
envelope sealers 


diesel governors 


and for many 


other applications 





Ask fora sample copy 
of ‘The Motorgram,’ 
a bi-monthly publi- 


cation discussing the 
application and 

design of fractional 
horse power electric 


motors, 
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DESIGN TRENDS copying equipment made by the Hal first printed panel. For additional pan- 
SC 


vid Company, Rochester, New York els, xerography is about four times 

is used. The only additional material faster than photo-resist and ten times 

print ready for component mounting required is the transfer paper and an faster than silk sereen. Economy of 
and dip soldering inexpensive transfer plate materials is also significant. For a 
Except for the final etching step Several circuits can be made from -ingle panel, the material cost is said 
the xerographic approach is entirely one xerographic plate exposure, depend to be less than half that of the photo- 
dry requiring neither conventional ing on the size of the circuit and the resist method and only a small frac- 
photographie materials nor darkroom sensitive area of the selenium plate tion of the silk screen system. For 
Pacabitae Starting from an original Tests have shown that this new process multiple copies, the xerography and 
opaque drawing, a copper-clad Jamin is about nine times faster than the silk screen cost are about the same and 
ate can be prepared for etching in photo-resist method and 14 times fast ire roughly one-third the cost of photo- 


about ten minute Standard XeroX er than the silk screen method for the resist materials 


Zinc Die Casting Selected for Miniature Radio 


ZINC DIR CASTING chosen for their 
trength and smooth appearance, are 
used for the base, frame and selector 
knob of a new portable radio manu 
factured by the We tinghouse blectris 
Corporation. A combination three-cavit 
dye ! LF | ed lw prod af all three part 
ind except tor two in. tapped hole 
nn thie Triage ill dimensions are cast to 
ivf 
Chassis of the portable is encased it 
tyrene housing and 4 upported 
I haped Irame a hown Lhe 
tioned internally to house the 
mid is easily removable for 
replacement, Product identifies depre aot ind blacked in atin weet to complement the is 


id Trequene nul weorug ive ¢ ! vit re ty t with a bras- sorted « ors of the polystyrene housing 


Plastics Laminate Parts in Circuit Breaker 


hiv) GRADES OF PLASTICS LAMINATES find 


aprpodie ition int an improved elreuut 


pnoa hown in the aceom 


breaker desi 

panying illustration. The components 

include the chassi contact arm, inst 

lation plate, mount) plate and limit MOUNT PLATE 

top All materials used are National 

Vuleanized Fibre Company's Phenolite 

laminates, specified as follow CONTACT ARM 
1. Chassis. A’ canvas-filled phenol 

(C.534F) wa elected because of its 

pliysieal trength good dimensional 

tability and suitability for close-toler 

ince post formings. It also of cours 


provides its own insulating properties 


INSULATION PLATE p : ——— LIMIT STOPS 


Contact Arm. Another canvas-base 
phenolic grade (C-501), usually speci 
fied for gear applications, was selected 
owing to its high inpact strength, com 
bined with insulating properties neces 
sary to support a live conductor. Lzod 
impact value is 2.3 ft-lb in. notch 

3. Insulation Plate Since the are 
breaks in the area of this plate, a com 
bination material consisting of a special 
phenolic laminate core sandwiched be Plastic laminate parts in circuit: breaker design. All materials are National 
tween two layers of vuleanized fibre wa- Vuleanized Fibre Companys Phenolite. 
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putting 1pEAS to work—research at IBM | 


® Merry-go-round: Automatic magnetic torque balance, accurate to 
0.0006 inch-ounce, used to measure magnetic anisotropy of memory 
core materials. IBM Bulletin No. 100. 
Trigger Happy Transistor: Used in place of a thyratron, new tran- 
sistor permits high-speed switching of large currents by a low-power 


electrical pulse. IBM Bulletin No. 101. 


Incubator Hatched: Tube elements spaced 1/5000 of an inch apart; 


assembled in the Very Clean Room. 


For bulletins, write to Dept. SA6, IBM, 590 Madison Ave., N.Y. 22, 


Merry-go-round 


Adding “memory” to machines is no 
longer a scientist's fancy. It is a fact. Ac- 
tually, this ability to “remember” is the 
ability to “recall” information previously 
entered into the machine. One of the 
latest and best ways of storing informa 
tion utilizes the now familiar small, 
rugged, reliable magnetic cores. Each 
letter or numeral ts stored in a kind of a 
“Morse code,” where a dash is repre- 
sented by one direction of magnetization 
and a dot by the other. But, to employ 
cores more effectively, the IBM Research 
people are studying a number of very 
basic things having to do with ferrites. 
One of these is magnetic anisotropy 
which involves the continual measure 
ment of the minute torque exerted in a 
magnetic crystal by a rotating external 
magnetic field 


TORQUE GUMVE OF APPRONGMATE (10) Oren OF 
Fe,0, <7 ROOM TEMPERATURE (SAMPLE VOUAME « 0 OCC) 


To increase the speed and accuracy of 
measurement of this property, Ralph 
Penoyer, of our Ferrite Materials Re- 
search Group, has developed an auto- 
matic magnetic torque balance that is 
accurate to 0.0006 inch-ounce, and al- 
lows the direction of the magnetic field 
to change through a 360° arc in one min- 
ute. Obtaining and plotting such data 
was, by standard methods, a laborious, 
time-consuming process. 


Full details describing the device, cit 
cult diagrams, method of operation 
calibration and accuracy are available 
in IBM Bulletin No. 100, Write for 
your copy. 


Trigger Happy Transistor 


Everybody is talking about transistors 
But, certain problems are not readily 
solvable by the use of conventional tran 
sistors. A typical problem ts that of pick 
ing up a relay with a transistor controlled 
by microsecond pulses. So Richard Rutz 
ot our Semi-C onductor Devices Research 
Group, took a long look at transistor 
possibilities in this case. The result: The 
IBM X-4 Transistor. This new type per 
mits high-speed switching of large cur 
rents by low-power electrical pulses. It 
operates with a turn-on time of two ten 
millionths of a second and a turn-off time 
of one-millionth of a second; experi 
mental models have been made to switch 
currents as high as 15 amperes 

You can find full scientific data on the 
X-4, its construction, electrical charac 
teristics, and circuit applications in IBM 
Bulletin No. 101 


ad 


ALLOY AMCTION EMITTER 


POmT CONTACT COLLECTOR 


18M X-4 THYRATRON TRANSISTOR 


Laboratories at Endicott, Poughkeepsie and Kingston, N.Y., and Son Jose, Calif 


DATA PROCESSING «- ELECTRIC TYPEWRITERS - TIME EQUIPMENT - 


READER INQUIRY SERVICk CARDS, PRECEDING 


BACK COVER 


MILITARY PRODUCTS 


wens 


Incubator Hatched 


Dirt, dust and moisture are death to deli 
cate electrical devices, In our experi 
mental component assembly room 
which we call the Very Clean Room 
at our Poughkeepsie Research Labora 
tory, we've eliminated the scourges. How 


do we keep the Very Clean Room clean ? 


( lean temperature- and humidity-con 
trolled air is blown into the room keeping 
the pressure inside greater than outside 
Therefore, when one enters from the out 
ide no dirt enters with him. As a further 
precaution, he must wear a lintless nylon 
lab coat over his clothing. Dry, clean, 
compressed nitrogen replaces compressed 
air to blow off particles of dirt that may 
accumulate on an assembly. Since a great 
deal of work in this room is done under 
microscopes, with wire as small as one 
sixth the diameter of the average human 
hair, controlled atmospheric conditions 


are Vital. 


To learn more about career opportuni- 
ties available at IBM, write, describing 
M. Hoyt, 1BM, 
Room 5506, 590 Madison Avenue, New 
York 22, N. Y 


your background, to; W 


INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 





DESIGN TRENDS 


pecified, The external surface provides 
the high are 
fibre 


for the core 


resistance of vuleanized 
(150 to 1BO sec 


stock 


core contribute the 


against 3 to 5 sec 
while the 


high 


strength and dimensional stability 


herent in the laminate 
j Vount Plate 


quired mechanical 


To provide the 
high strength a 
phenolic paper-base laminate (P-2143B) 
was chosen. It also provides good di 
mensional stability 


5. Limit Stops. A paper-base mel 


(Y-2401) was 
stops to 


amine-polyester grade 


specified for the limit give 
these parts good impact resistance and 
superior arc resistance. Lower fabricat 
ing costs are secured since the laminate 
is easily shaved to precise dimensions 
from pre-sawed blanks. Are resistance 


is BO sec 


Plastics and Stainless to Resist Corrosion 


AINI.F ~ STEEL ARE USED 
KTeTISLY : new 


veloper (Fig 1), de 


ammonia dry de 
igned for corrosion 
free operation by the Teenifax 


Hol ake Ma V hie Iwo 


lane ind cover i 


Corp 
piece housing 
molded of a 
biber 
with a gell 
Hammerloid finish 
iflord 


polyester resin impregnated in 
vlus matting and finished 


baked 


coat ind a 


1 hie pla The 


COrrOsIOn pro 


hig | 


monia dry 


Polyester resin impregnated 


developer insure 


corrosion-ires 


tection against the ammonia, without 


the need for special protective finishes 


that would be 


required for standard 


teel stampings, and also provides a 


mooth surface, good thermal insula 


tion (heat is generated in the developer 


to vaporize the ammonia), and ease of 
i embly 
Stainle 


steel construction is used 


throughout the developer, (Fig 2). and 


t 


cover ob & hig y bor 


operation are made of 


protection againet 


stainless 


is of particular importance in the de 
sign of the tubing. developing tank and 
where there is direct 
Electric 
tank, tray and 


evaporating tray 


contact with the ammonia 


heaters sealing sleeve 
all other 


cessible for 


components are readily ac 


adjustment and servicing 
and the entire unit can be disassembled 


in a lew minutes 


ammonia, mtertor components 


steel, 


Gold Overlay Improves Palladium Contacts 


Bell 


vold overlay for pal 


DEVELOPMENT BY THI lelephone 
Laboratori ola 


prriny relays 
The re 
West 


Company tor use in cross 


ladium contact on wire 
has enhanced their reliability 
lays are now being produced by 
ern Kleetric 


bar and automatic message 


accountng 
equipment tor telephone service 
The overlay, shown greatly enlarged 


protects palladium contacts from dit 
ficulties caused by a 


With the older 


derived from organs 


brown powder. 
relays, this powder 
vapors in the air 
was not particularly troublesome, al 
resulted in 


though it sometimes 
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pir anita semen ililt ital aisle atl atcatin tan 


i 
s 
a ASS 
4% 
ra >» 


Photomicrograph of cross-section of 


metallic tape used for relay contacts. 


Palladium has thin layer of gold at top. 
diameters. 


Magnification about 50 


“banjo” or strumming sound heard over 
the telephone. However, the new wire 


spring relays need a smaller 


tw close the 


pre ssure 
electrical contacts than de 
the older types, with the result that the 
brown powder, in addition to producing 


sound, sometimes caused 


the light 


the banjo 


opens’ under pressure 


The very small amount of gold ap 
solved the 


Most relays require gold over 


plied over the palladium 


problem 
lays on only one contact of a pair but 
lor some handling 


eircults voice 


sig 


nals, gold is applied to both contacts 


FIiLECTRICAL MANUPRACTURING 

























PUSH-BUTTON 
PROTECTION 
SM he) 
ema leat 


MP-252 A Oe 


MBE 


makes the difference that 
makes your sale! 


Today, your customers know more about electrical appliances. They 
recognize trouble spots, prefer the appliances that eliminate them. 
That is why MINI-BREAKER can make the difference that 
makes the sale. There are MINI-BREAKER designs to protect 
either circuits or motors. MINI- BREAKER “‘trips”’ on overloads, 
resets at the touch of a button. Write, we'll send you full details. 







 einteadersecteah-tantentertantanter veeatentenienenteatenten 
write for details 


Mechanical Products, Inc., Jackson, Mich 


MECHANICAL PRODUCTS, Ine. 


1824 River Street, Jackson, Michigan 





New Components 
and Materials 


A staff compilation of the latest—and only the latest 


screened for designed-in use in electrically operated end products . 


developments 


. com- 


plete with all released specifications and available application data. 


MOTOR CONTROL THYRATRON HAS THREE DIFFERENT BASE CONNECTION STYLES 


New control thyratron is said to pive 


miproved performance at less cost than 
the GL-5545 which now j uperseded 
The three new ty yn of this 6.4-amp 
negative-control-characteristic thyratron 

GL.-6807, GL-6808, and GL-6809-—all 
incorporate element and envelope con 
truction features designed to provide 
maximum cooling 

The GL-6807 has a pin-type base and 
ean be used interchangeably with the 
(,1.-5545. The GL-6808 has flexible “fly 
ing” leads, while the GL-6809 is made 
with spade lug terminals extending from 
the base 

Because they carry high commuta 
tion factor ratings, the tubes are partic 
ularly suited to motor control and other 
inductive load circuits without cushion 
ability 


ing. Other advantages include 


to operate over a wide ambient tem 
perature range ( 55 to 70 C). and a 
quick-heating cathode (1 min) 

Anode and grid structures feature 


relatively large external surfaces which 


permit cooling by convection as well as 
radiation. This lower operating tem 
perature safeguards against grid emis 
sion—one cause of inoperation. In 
turn, lower grid omission permits elimi 
nation of an internal baffle. 

Maximum average cathode current of 
these motor-control thyratrons is 6.4 
amp and fault current, 1120 amp 
Maximum negative control grid voltage 
before conduction is 250 volts and 
during conduction 10 volts. Maxi 
mum positive control grid current is 
0.20 amp with the anode positive and 
0.10 amp with the anode negative. Gen 
eral Electric Co., 1 River Rd., Schenes 
tady 5, N. ¥ 
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ULTRA-LOW TORQUE POTENTIOMETER FOR COMPUTER APPLICATIONS 


Type 18 ultra-low-torque potentiometer 
is 1.750 in. in diam. The instrument 
features a servo type mounting The 
ingle and three gang potentiometers 
pictured are O.97 and 1.97 in. long 


Individual 


cups are 0.500 in, long. Ganged assem 


respectively potentiometer 
blies up to 15 cups are available 
Individual sections are held together 
by internal clamps, thus avoiding pro 
jections beyond the outside diameter of 
the case, Each section may be sepa 
rate ly phase d by loosening ‘ lamp crews 


accessible from the outside 
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The metal case provides a high de 


gree of mechanical precision and stabil 


ABEC Class 9 and 
18 karat gold slip rings facilitate opera 


itv. Ball bearings 


tion of the potentiometer with extremely 
small mechanical forees—90.20 oz-in. per 
cup normally, and as low as 0.050 oz-in 
in special cases 

Potentiometer is available with = re 
sistance values up to 200,000 ohms and 
is rated at 2.2 watts at 40 ¢ The 
toroidally wound resistor element pro 
vides electrical rotation up to and 
including 360 deg 

Standard independent linearity tolet 


ance for this model is 0.3 per cent, but 
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“Standard’ relay solves special problem 


A leading manufacturer of heat 
pumps, modern devices to heat 
and cool the home, had this prob 
lem. Improperly applied relays 
in the automatic control unit 
were failing in service. 

But P&B solved the problem. 
Circuits were re-designed for 
greater simplicity. Anapplication 
engineered P&B relay replaced 
the relay previously used. And 
the trouble was over. 


The problem solving relay 
one of more than 20,000 PKB 
design variations — proved com 
pletely reliable, capable of day 
in, day-out operation for at least 
20 years. 

Whether your problem re 
quires engineering a new clectro 
mechanical device, or merely the 
intelligent application of a 
“standard” relay, you can be ce1 


tain the solution lies with P&B 


Pitter sp 


PRINCETON, INDIANA 


Subsidiory of AMERICAN MACHINE & FOUNDRY COMPANY 


P&B series AB relay, specifically designed 
lor those appliance applications where 
long, dependable life is a requirement 
Hlas stationary, pure-silver contacts, 
egrated with a sturdy one piece 
ded base, plug-in terminals for 


istallation 





Custom-made 


COILS 


covering a 
complete range 


2 
Ltonite is your dependable 


source of supply for all types of coils for 
vital industrial and special applications, 


built to YOUR requirements 


Only the finest materials are used, sub 
ject to your close inspection. All coils are 
vocuum impregnated and made to close 
tolerances. Send your specifications for 


prompt quotation 


PAPER SECTION FORM WOUND 
LAYER BOBBIN 
PRECISION WINDING 


HIGH TEMPERATURE COILS 


tonite 
COIL CORPORATION 


ROUTE 25 YARDVILLE, NEW JERSEY 
EXport 4.5949 


0.1 per cent can be supplied. Nonlinear 
functional output types are also avail 
able. A multiplicity of taps on the re 
sistor element can be made, each posi 
tioned with an angular accuracy of 

0.5 deg. and each electrically welded 
to a single turn of the winding 

Dimensions of the potentiometer con 
form to those preseribed by the Aircraft 
Industries Association Committee on 
Standardization, Specification NAS-710 
hlectro-Me« Laboratory, Inc 47-51 
s3rd St., Long Island City 1, N.Y 
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HIGH ACCURACY RESOLVER 


Sis 1] 


total functional error of O.O1 per cent 


induction resolver has a 
It was designed to meet the environ 


mental requirements of the armed 


forces. The resolver is completely ma 
hine wound in order to achieve high 


performance quality. It has a_ high 


ger: 
eS 


input impedance permitting an ex 
citation voltage of 110 volts a-c at 400 
cycles. It can funetion at a 70,000 ft 
altitude without pressurization, The de 
vice is provided with a pin-type base 


Diehl Manufac 


Finderne Plant, Somerville, 


and mating connector 
turing Co 


N.J 
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CADMIUM- SULFIDE 
PHOTOCONDUCTIVE CELL 


Small cadmium-sulfide photoconductive 
cell of the head-on type, the 6694-A, 
features high luminous sensitivity, very 
low dark current, extremely low back 


ground noise, and signal output which 


is approximately proportional to the 
incident light intensity 

Because of its size and high sensi 
tivity, the 6694A is useful in’ those 
light applications where a single tiny 
desired, in 


photosensitive device is 


light-controlled relay applications, and 


in light meters for measuring the 
brightness of small luminous spots 
The device has a radiant sensitivity 
at 5000 angstroms of 415 microamp per 
microwatt, a luminous sensitivity of 1 
amp per lumen, and a luminous in 
tensity sensitivity of 4 microamp pet 


ft-candle. The 


proportional to the applied voltage be 


sensitivity is directly 


tween terminals within the rating of 
the cell 

The spectral response of the photo 
conductive cell covers the visible range 
from about 3500 to 5500 angstroms 
Maximum response occurs at about 
5000 angstroms 

The 6694-A has a maximum seated 
length of 0.300 in.: 
of 0.375 in 


a maximum width 
; a maximum depth of 0.22¢ 
in.; and a minimum sensitive area of 
0.020 in. x 0.018 in. Radio Corporation 
of America, Tube Div., Bldg. 17-3. Har 
rison, N. J 
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MINIATURE POWER 
RESISTORS FOR PRINTED- 
CIRCUIT APPLICATIONS 
Designed and constructed for printed 


Type RLS minia 


lure power resistors are basically the 


circuit applications, 


same as manufacturer's Type RS re 


sistors, except that they have radial 


| 


= 


instead of axial leads. They are offered 


| | 


in six sizes and four wattages 
Pwo-watt Type RLS is offered in 
three sizes RLS-2B, RLS-2A,) and 
RLS-2. Type RLS-2B has a maximum 
resistance value of 4400 ohms and nomi 
nal dimensions of "46 in. long x » in 
diam. The RLS-2A has a maximum re 
sistance value of 6300 ohms; nominal 
dimensions: '« in. long x “46 in. diam 
The RLS-2 has a maximum resistance 
value of 6500 ohms; 
1 


sions: °y in. long x '4 in. diam 


nominal dimen 
Other sizes and wattages are the 


RLS-5 (5 watts): RLS-7 (7 watts); 
and RLS-10 (10 watts). The RLS-5 
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S 
CLOJUILOUUU SOLVES ANOTHER 
POSITIONING PROBLEM! 


PROBLEM: 


SOLUTION: 


SHORT ACTUATOR SPACE 


THIS NEWLY DEVELOPED 


TCU KM CM 0s 


SAGINAW 


MULTI-EXTENDING b/b SCREW EXTENDS 
SEVERAL TIMES ITS RETRACTED LENGTH 


mt eel cantina inmaemnall Ad PULAU CRG, | OU 


RETRACTED 5 


HALF EXTENDED 


Now, the pioneer in the development of the 
precision ball/bearing screw and spline offers 
you another great engineering advancement: 
a practical and dependable solution for your most 


difficult actuator space problems! 


The Saginaw Multi-Extending b/b Screw is the 
answer design engineers have been seeking for 
years because: 


1 It provides extended lengths in approximate 
multiples of its retracted length 


2 It will carry a far higher load than any other 
telescoping device in its class 


3 It is far more practical and troublefree than 
previously available telescoping units 


4 It assures dependable, precise positioning 
within thousandths of an inch 


Can be built in a wide range of diame- foodie 


FULLY EBEATENDED 


PLUS ALL THESE PROVED 
SAGINAW ADVANTAGES 


Ct air, Ae 
m 


# 


ere 


COUPON TODAY FOR ? 


GINEERING DATA BOOK 
= 
ginaw Steering Gear Division << 


ters and extended and retracted lengths Dept. 5M, Saginaw, Michigan 


Please send your b/b Screw and b/b Spline Eng 
ering Data Book to 


® ' = Nome—Title 
QAqriAnory PG nS creay |“ 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS ¢ Saginaw, Michigan 
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RCA REPORTS 
“SUBSTANTIAL SAVINGS 


on Threaded Stampings 
from Mohawk” 


) 


of blanking, forming and threading 


By taking advantage of 
Mohawk's unique method 


in one completely automatic opera- 
tion, RCA is now able to purchase 
this special %4"-20 nut at substantial 
methods of 


savings over former 


production 


The threaded hole is held to any 
class fit required, so that ease of 
assembly is assured. Every part is 
usable — there are no rejects. 


Whether you now make them in 
your own plant or purchase them, you 
can make substantial savings on large 
quantities of small threaded parts, 
ard at the same time get guaranteed 
uniform quality by sending prints and 
specifications or writing to: 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 


d maximum 


00 ohms 


resistance value of 
nominal dimensions 


The RLS-7 has 


1 maximum resistance value of 22,000 


long x «5 in. diam 


ohms; nominal dimensions: 1‘ in. long 


The RLS-10 has a maxi 


mum resistance value of 55.000 ohms 


x “6 on. diam 


ind is 1» in. long x “%. in. diam 
ype RLS 
pletely welded from terminal to termi 


nal and 


impervious to moisture and salt spray 


smallest in size, is com 


sealed in silicone It i- 


ha i coethcient ol 


lemperature 
Y.00002 deg C; and a dielectric strength 
of JOOO volts a-c, V block test. They 
are available in tolerances of 0.05 to 3 
per cent Dale Products Inc., 1306 
th Ave Columbus, Neb 
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CHARGE STORAGE-TUBE FOR 
INFORMATION -PROCESSING 
EQUIPMENT 


(Charge torave tube of the barrier 
vrid type is cle igned = tor use in a 
inety of information-processing equip 
ment Information in digital or analog 
form may be introduced to the active 


element ol the tube tored for a 


period of time controllable from micro 
onds to minute ind then extracted 
ita rate which is the ime as or differ 
ent from the writing rate 
Lhe torage tule designated 6499 


may be oper ited so that (1) thie 


eutput 


ignal is linearly related in 


to the 


implitude 


input signal (2) the output 


gnal is proportional to the duration 


of an input-signal pulse or several in 


put-signal pulses occuring within a 
viven time interval; or (3) the output 
ignal is proportional to the difference 
between two successive input signals 


Design features include an electron 


gun capable of providing an electron 
beam having high current density and 
relatively small cross-sectional area at 


the focus plane, and a storage surface 


having uniform secondary emission to 
provide a uniform output signal. Ele: 
trostatic deflection of the beam is uti 
lized to permit the design of deflection 
circuitry having relatively low power 
consumption and providing high speed 
Radio Corporation — of 


lube Div Bldg 17-3, Har- 


aot response 
America 
rison, N.J 
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BLOWER WHEELS 


Featuring simplified, rugged four-piece 
construction, Whirlwind blower wheel- 
are now available in the following stock 
sizes: | in., 1% in., 2 in., 3 in., 37% 


diam. Standard wheels are 


made 


cadmium plated steel They also are 
available plain and in aluminum, plain 
or anodized models 

Wheel hubs are furnished in standard 


bore —IZ¢ with one or two set screws 


Models are 


ounterclock wise 
Liv Middletown 
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available lor clockwise or 
model Ripley Co 


( onn 


RECTANGULAR MOTORS 


vings in space are iid to be achieved 


rectangulat ivailable 


haped motors 
in 6, 12, 24 and 32-volt range with 
outputs up to 140 oz-in 
Rectangular construction of the 
motor is made possible by the de igs 
in Which the flux path is axial with the 
irmature shaft instead of being con 


entric with the shaft. The special flux 


path is made possible by a special pole 
piece pattern 
The motors 


ill we Ilded con 
thick st imping 


feature 
truction with ein 
which provide stability and resistance 
to twisting, and eliminates armature 
misalignment 

The broad flat surfaces of the motors 
bolts 
in any position according to customer 
shaft 
can be extended from both ends for 


permit attachment of assembly 


specifications. In addition, the 


double load application. The motors 
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BUILD BETTER MOTORS AND GENERATORS 


WITH C-D-F MICABOND INSULATION 


hest insulating protection for 


For the 
the motors 
Micabond 
C-D-} 


or bonded 


build, use 
products 


you genuine 


mica made by 
a major supplier of built-up 
Only the finest mica 
Micabond. Re 


sult: uniform high heat resistance and 


mica 


splittings are used in 


dielectric strength. America’s largest 


manutacturers of motors and gener- 


D-F 


ators rely 


Micabond 


on the quality of ¢ 


MICABOND FLEXIBLE TAPES 


C-D-F Micabond tapes are used where 


flexible electrical insulation of 


high 
dielectric strength and high heat resist 
ance IS required 


These C-D-} 


easy to apply 


as in armature coils 
tapes are efficient and 
Ihey're well suited for 


many types of emergency repairs 


Micabond tapes are reinforced on one 


or both sides with 


various backings 


including glass fabric, 


cloth, 
silk cloth, paper, cellophane, ‘““Mylar.”* 


“Mylar,” for instance, gives Micabond 


cotton 


ADER INQUIRY SERVICE CARDS 


PRECEDING B 


a smooth surface and mechanical 


toughness. It provides a space factor 


advantage, as the film may be as thin 


as .00025” 


cra 


OTHER C-D-F MICABOND PRODUCTS 
Besides flexibl 
tapes, C-D-F Micabond insulators and 


being available in 


irators are 
bing, “V 
! punchings 


D-F’s skilled 


precision machinery to assure uniform 


sold in segments, sheets 


rings, slot liners, washers 
All forms are made by 
mica workers, using 
mechanical and electrical properties in 
Micabond products 


lo make sure you are getting the best 


talk 
engineer. He 


insulation value for your 
with your C-D-F sales 

(’-1)-] 
planning and production of mica to 


work for 


‘ 


motor 


wide experience in 


you. From this single source, 


vou can fill all your mica and plastic 
ulation needs 


f product data and sales offices 
Write for detailed 


imple s, OF 


information and 


send us your print for 


quotation 


@ CONTINENTAL DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC. 


NEWARK 


13, DELAWARE 
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Speed Production 
Slash Testing Time 


ae ~ 


_ 


with -—“— 
LINK 209 
AUTOMATIC 


CABLE CHECKER 


New easy-to-use, the 

Link 209 Cable Checker cuts 
testing time in half and gives 
surer, quicker circuit checking~ 
AUTOMATICALLY. It is ideal for 
inspection, production, quality 
control and the engineering 
laboratory 


Inexpensive to buy and operate 
the Link 209 installs quickly at 
any point in the plant or in the 
field to give instant, positive 
low-cost chet KINg ¢ f 
Continuity between connectors 
Shorts between any wire 
and the shell 
Shorts between wires of 
the cable 
Continuity and shorts in 
cables that use a connector 
and terminal strips, lugs 
or unstripped wires 


- 


Find out all about the Link 209; 
how it will help you check 
circuits faster—at less cost 
Write today to Dept. EM for full 
information 


fan be made waterproof; larger sin- 


tered bronze bearings at each end of 
the shaft eliminates the necessity of oil 
wick reservoirs. Leece-Neville Co., 1374 
bE. 51 St.. Cleveland 3, Ohio 


Circle No. 8, Reader Inquiry Service Cards 
preceding back cover 


CERAMIC MOUNT FOR 
SILICON POWER RECTIFIERS 


Ceramic insulates 


mount electrically 
ilicon power rectifier so as to permit 
iis use at high potentials above ground 
Heat conduction is said to be more eth 


cient than conventional mounting meth 


tf 


the permitting operation at much 


urrent value without exceed 

normal temperature rise 

bye upplied threaded to 
tandard emiconductor 

wer diode Ravtheon Manufacturing 
Waltham 54. Ma 
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GEARHEAD FOR SIZE 
8 MOTORS 


Ultraminiature precision motor gear 


hatte a Mode | 


50-4. Designed for idaptation to Size 


head, weighing | or. 4 


metor the 750-GH measure Oo¢o0 
mn in diam and in oat olid type 


model, 1 lin. long Four through bolts 


make it adaptable to specially tapped 
Size ® motors without the use of adapter 
ABEC Class 


throughout contribute 


| lates or other accessories 

ball bearings 
to the 750-GH’s low starting torque of 
O.004 in.-oz 


ivailable 


Ratios up to 650:1 > are 
without increase in length 
ratios up to 20,000:1 can be produced 
in longer units 


The 750-GH ! 


-vnehro- and potentiometer-ty pe 


de signed lo operate 


The housing is black oxidized or passi 
vated stainless steel, or black anodized 
aluminum; gears, pinions and shafts are 
stainless steel 

Applications: missile control systems; 
control 


servomechanisms ; aircraft 


equipment ; indicating devices; com 
puters and other precision electrochem 
ical devices and units. Bowmar Instru 


ment Corp., 2415 Pennsylvania St., Ft 


Wayne. Ind 
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TAPE-WOUND MAGNETIC 
BOBBIN CORES 


Line of tape-wound magnetic bobbin 
core with high standard uniformity 
ire intended for use in switching cit 
its, shift registers, coincident current 
matrix systems, pulse transformers, and 
tatic magnetic memory elements 


Wide range of standard 


in cores, 


; in. and 


designated Bimags are 


now available in Moly Permatloy 
(thicknesses of 0.00025 in. and 0.0005 
Orthonik (thicknesses of 
ind O.0005 in Other core 
thicknesses, and bob 


hin sizes or materials are available for 


ith. } and 
0.00025 in 


of various width 


pecial applic ition 
hlectronis 


Burroughs Corp 
Instruments Div., Philadel 
phia, Pa 
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NICKEL AND BRASS 
COATED STEEL WIRE 


Now commercially 


nic ke | 


plated steel wire has up to a 10. per 


available 


cent nickel coat. The wire is useful 
wherever combinations of strength, cor 
rosion resistance and lustrous finish are 
desirable. Nickel-coated steel wire has 
proved highly successful in grid sup 
ports lamp leads and small 


Fernicklon 


for the nickel-coated material, uses as 


the registered trade name 


base metal high carbon low carbon or 
illov steels (copper alloys can also take 
a nickel deposit). A uniform coat is 
deposited directly on rod or wire; the 
material is drawn by conventional 
methods to finished size. Coating toler 
ances are maintained within exceedingly 

UNE 19% 
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FOR ELECTRONIC AND ELECTRICAL APPLICATIONS . 


only one insulation 
Combines 


ALL THESE ADVANTAGES 


TOTAL Permanent Dimensional Stability 

Continuous Hi-Temperature Performance: to 950° F. 
Moldability to + .001” Tolerances 

Thermal Expansion Matching Steel 

POSITIVE Bonding and Permanent Anchorage of Inserts 
Resistance to Radiation, Water or Oil 

High Dielectric Strength: 400 Volts /mil 

Excellent Arc Resistance: 250 Seconds ASTM 

Extremely Low Loss Factor: 1 meg — 0.014 


ERAMOPLASTIC 


has many important properties that will significantly improve 
your product's performance! No need to choose or balance insula- 
tion advantages specify SUPRAMICA* 555 for the most nearly 
perfect combination. This unique formulation of high quality 
electrical glass and pure synthetic mica has the built-in versatility 
to surpass extra-stringent performance requirements. For complete 
technical information about SUPRAMICA 555 ceramoplastic in 
sulation, and MYCALEX design and custom precision-molding 


services, write to Department 224 
~ 
. « 
* a - ps 


MOLDED OF SUPRAMICA 555 CERAMOPLASTIC FOR BETTER PERFORMANCE 


CRITICAL PARTS 


SUPRAMICA DIVISION 


MYCALE X 


=e See era rien OF AMERICA 
ae SUPRAMIC) CARSCALEX ) poamescimeom oem 
‘ {mamopasl' 2 : CLIFTON, NEW JERSEY 
’ LLER PLAZA 


by A YORK 20, NEW YORK 
SALES OFFICES: 


CHICAGO , 
aaantedl 
caver ang” i 


we ee ts? om te f 


; 
ORPORATION OF AMERICA | 


ACTURER OF GLASS-BONDED Me aero era 


a i 


{ 
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Special low voltage high 
current transformer 
me ee ee) 


LINDBERG 


SPECIAL 
TRANSFORMERS 


.. AND MANY OTHER SPECIALS 
FOR MANY DIFFERENT USES. 


oo a 


S 


Lindberg Oval Filament Trans Lindberg General Purpose 
formers for industrial and Transformers for power and 
communications work era lighting ae a 
for spec sheet E-201-2 2 eee 


IAT TDI RI SAT ES 


Transformer Division, Lindberg Eng 


2450 West Hubbord Street 


narrow tolerances in thin 
coatings 

Commercial sizes are supplied in the 
range from 0.010 to 0.310 in. in either 
matte or superbright finish. Using 
<uperbright finish wire sub equent fin 
ishing operations are seldom necessary 
The matte finish has a residual surface 
lubricant useful in some forming opera 
tion and can be brought to a high 
luster by tumbling or burnishing. Wire 
products need no further plating 

Applic itions swilk hing mechanism 
for electric ranges, electronic tube grid 
supports, toaster guards, lead or hookup 
wire and switches, among others 

The nickel-coated wire is said to be 
especially useful for closely coiled hel 
ical springs. By using pre-plated wire 
the entire spring is coated uniforml 
In addition, the possibility of hydroger 
embrittlement of the coating is elimi 
nated, since it is deposited before the 
wire l drawn to spring temper Na 
tional-Standard Co., Niles, Mich 
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STANDARD MOTOR LINE 
WITH 1-40 HP RATINGS 


Available in standard sizes from 
WO hp Line-Weld” motors make 
of extruded plastics insulation 

present line is built in the open 


frame and torque design B. They 


ply with NEMA specifications 
The thermosetting plastics insulation 


ipplied by dipping, is molded into and 


around the stator winding [he motor 
stator is placed into a die and the plas 
tics material forced into the die under 
the proper heat and pressure. The liq 
uid plastics resin is extruded through 
the stator slots, completely covering the 
tator winding. After the plasties resin 
the stator is removed from the 
The result is a motor winding that 

is encased in a rigid durable mass 
The new plastic also is said to provide 
t high degree of physical protection. 


Kven though the motor is built in the 
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This is one of a series of information 
sheets which discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series will be supplied on request 
Address: Advertising Department, Kaiser 
Aluminum & Chemical Sales, Inc., 1924 
Broadway, Oakland 12, California 


PRE-ANODIZING TREATMENTS FOR ALUMINUM 


One of the many surface treatments 
being used for aluminum products is the 
controlled formation of a relatively thin 
but durable oxide film. Films of this type 
ire called anodic films and their qual 
ities may be varied according to the 
particular end use of the product being 
manufactured. Because they are stable 
in many natural and man-made environ 
ments, they offer excellent resistance to 
corrosion. Through a variety of proc 
esses, it is possible to make anodic 
coatings that offer attractive decorative 
finishes, that resist abrasion or that act 
is electrical insulation. Certain anodi 
finishes are being dyed to create some 
of the most brilliant colors available in 
metal products 


Anodic coatings are fairly simple to 
apply. The process consists of passing 
in electric current between the metal 
and an acid solution in which the metal 
is immersed. However, surface contam- 
inants that are unavoidable during fab- 
rication will affect the coating adversely 
if they are not removed before anodiz 
ing. Oil and metal contaminants picked 
up by the aluminum surface will cause 
darkening or streaking of the anodic 
film and may even inhibit its formation. 
Therefore simple pre-anodizing treat- 
ments are of great importance in obtain- 
ing a uniform, continuous anodic film. 
The choice of the optimum treatment 
depends upon the ultimate purpose of 
the anodic c ating 


If heavy soil or grease are present, 
their removal by vapor degreasing or 
an inhibited alkaline cleaner should be 
the first step in any pre-anodizing treat- 
ment. Both of these cleaning methods 
are relatively inexpensive, require little 
handling and may be used to clean in- 
accessible surfaces thoroughly. 


Vapor degreasing may be done by 
either a batch method or as part of a 
continuous processing line. The metal to 
be cleaned is passed vertically through 
a vaporized solvent such as trichlor 
ethylene or perchlorethylene. In less 
than a minute the vapor, which con 
denses on the cool metal and runs off, 
effectively removes normal soil. When 
the oily or greasy contamination is ex 
tremely heavy, the metal may be wiped 
with a solvent before entering the vapor 
degreaser 


Inhibited alkaline cleaners, 4 to 8 oz 
per gallon of water, are generally oper 
ated at 160F to 180F. The metal to be 
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cleaned may be sprayed or immersed in 
the solution for two to five minutes, after 
which it is rinsed in water. When clean 
ing parts that have small crevices, a 
quick dip in dilute nitric acid may be 
necessary as an additional rinse to re 
move residues from the cleaning solu 
tion. These parts are then water rinsed 
again before proceeding to the next fin 
ishing treatment 


For General Use 


A caustic 
mon treatments used for preparing alu 


etch is one of the more com 


TOP: Anodized and dyed ashtrays 


treatment was used 


BOTTOM 
ashtrays at 


dip, used on ashtrays at right 


minum surfaces for anodizing. A typical! 
bath would contain five per cent caustx 
soda. Numerous proprietary compounds 
of this type are The metal 
to be etched is immersed in this bath 
which is usually 160F, 


available 


maintained at 


BACK COVER 


lized natural 


re-anodizing treatment, plus Kaiser Aluminur 


for a period of two to five minutes 
A lustrous, satiny finish can be obtained 
by caustic etching certain alloys, and 
the depth of the etch can be controlled 
by varying temperature, time or con 
centration of caustic. Variations in either 
the etching conditions or in the etchants 
may also be used for creating different 
shades, or degrees of total reflectivity 
Sodium fluoride is frequently added to 
etch 
sired effect 


caustic solutions to obtain a de 
This addition imparts a 
finer, more uniform etch to the alumi 


num surface 


olor ashtrays. Normal good pre-anodizing 


j bright 


Still finer etching can be obtained by 
using an acid fluoride bath which pro 
duces a white surface that has high total 
reflectivity. A solution of this type 


CONTINUED ON NEXT PAGE > 
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DESIGNING WITH ALUMINUM No. 19 (Continued) 


which ts used in finishing diffuse light 
reflectors, is made of a mixture of sul 


furic and hydrofluoric acid 


For Minimum Loss of Metal 


To clean aluminum with a minimum loss 
of metal prior to anodizing, a chromic 
sulfuric acid mixture is used. This mix 
ture effectively removes oil stain, oxide 
and heavy 


it attacks 


Consequently, the anodized surface may 


metal inclusions. However, 
the aluminum only slowly 
not appear as uniform as a surface pre 
pared with a caustic or acid etch treat 
ment. A typical mixture of this type 
7c 


would contain 3.507 by weight chrom 


acid (anhydride) and 17.57 by weight 
of concentrated sulfuric acid (specifi 
gravity 1.84). The bath is operated at 
I8OF, and the aluminum is immersed 
in it for about five minutes. As in the 
case of caustic or acid etching, the op 
eration can be controlled by changing 
any of the variables in the process 


For Decorative Purposes 


One of the chief purposes of anodizing 
aluminum is to provide a clear, highly 
reflective coating for decorative appli 
cations, The appearance of giftware, 
electrical appliances, automobiles, and 
many other products is being enhanced 
with brightly anodized aluminum trim 
of a functional or purely decorative na 
ture. In many products, dyes are being 
used to add color to this metallic sparkle 


To create this attractive anodized fin- 
ish the brightening process which pre 
cedes anodizing must have a uniform 
action across the entire surface of the 
metal. Several types of brightening 
processes are available. An electro 
chemical process, requiring the passage 
of an electric current between the metal 
and a special acid or alkaline bath in 


Kaiser Aluminum 


ago, is a dilute acid brightener which is 
being used by many anodizers of alu 
minum end products that depend on a 
pleasing appearance to increase their 
sales appeal. 

Normal dipping time for Kaiser Alu 
minum Bright Dip is two to five min 
utes, and the bath is maintained at 200F 
to 205F. A flow sheet for using this 
Bright Dip in finishing an aluminum 
item which was to be color-anodized 
would include these steps 


] Clean 
Inhibited alkaline cleaner 


Rinse in cold water 


Kaiser Aluminum Bright Dip 
2 to 5 minutes at 200F to 205F 


50°7 HNO: rinse (30 sec.) 
room temperature 


Rinse in cold water 
Anodize 

Rinse in cold water 
Dye 

Seal 


AM MEMS MD 


CLEAN RINSE KAISER RINSE 
INHIBITED COLD WATE® ALUMINUM SOB HNO, 
ALKALINE HIGHT Dik 90 SEC 
CULANER 2705 iN RooM 

Al 2008 TEMPERATURE 
10 2054 


which it is immersed, is used on such 
highly polished items as light beam re- 
flectors. Concentrated acid baths requir- 
ing no electricity during immersion may 
be used for cleaning and brightening a 
great many aluminum alloys. Unfortu 
nately, these processes are somewhat 
expensive and the fumes given off dur 
ing Operation can create a hazard to 
workmen 

Dilute acid solutions are generally 
easier to handle and are quite effective 
on most alloys. Furthermore, dilute acid 
baths are considerably less expensive 
to prepare and maintain. Kaiser Alumi- 
num Bright Dip, introduced a few years 


LGISe 


setting the pace—in growth, quality and service 


ANODIZE RINSE 


ore tA 
COLD WAIER 


For other applications, such as in the 
architectural field, specialized anodiz 
ing techniques may be required. Tech 
niques of this sort are the subject of 
continuous study by Kaiser Aluminum’s 
Department of Metallurgical Research. 
Further information concerning pre 
anodizing treatments may be obtained 
by contacting the Kaiser Aluminum 
sales office listed in your telephone di 
rectory, or one of our many distributors 
Kaiser Aluminum and Chemical Sales, 
Inc., General Sales Office, Palmolive 
Bldg., 919 North Michigan Avenue, Chi 
cago 11, Illinois; Executive Office, 7672 
Kaiser Bldg., Oakland 12, California 
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open type trame, manufacturer states 
that it may be used as a splash-proof THE 
motor. It may also be used as a totally 
AUER ROUS a 


enclosed motor in many applications 
The Lineoln Electric Co... 22801) St 


Clair Ave., Cleveland 17, Ohio. ' ARE 


PROTECTED 
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MOMENTARY CONTACT 
SWITCH FOR 6-AMP SERVICE 


Available in two models, momentary 
contact switch is rated for 6 amp at 


125 volts or 3 amp at 250 volts. The 4 Model 
toggle switches are available in Model BE ne SU 100L 
13. a normally off. trigger-on style, Actual 
and in Model 14. a normally on, trig r Size 
ger-off style. The switehes are recom 


mended for trigger-type control of small 


drills and similar tools, as well as for AVAILABLE IN VARIOUS 


aa Mighty Mite Thermal Protectors 


appliances, in their capacity range 

Both switches feature a nickel finish t i ‘oun i 
yive motor windings r r GF 

and a molded phenolic case. They are B 8 y 


ivailable with screw terminals, lead pendable and continuous protec 
wires, or soldering lugs. Stem has a 


tion against charring of insula 
in. diam and is '4-in. long. Over 


all dimensions: %in. wide, %-in tion, burn-out and eventual cus- 
thick, and J-in. long. MeGill Manu 
facturing Co., Ine., Electrical  Div., 

I > 
150 N. Campbell St., Valparaiso, Ind thru % HP. 


Circle No. 14, Reader Inquiry Service Cards 
preceding back cover 


tomer dissatisfaction. U. L. rated 


Mighty Mites are supplied “ready-to- 


MINIATURE CADMIUM use”’ and fit into electric motor stators 
SULPHIDE PHOTOCELLS without design changes or special 
Power sufhcient to operate a relay at assembly procedure. Our accurate 


normal daylight levels is claimed for a temperature calibration of Mighty 
new line of miniaturized cadmium sul Mites to specific motor requirements 
phide photocells. Called Powermastet ae 

photocells, the elements are said to be assures safe and positive performance 


light-sensitive over the entire visible in your motors and equipment. 


Mighty Mite protectors are tamper 


proof and thoroly dependable. 


spectrum, with a peak sensitivity to a 
blue-green color. They have a low noise Write or phone today 
level and high dark resistance; stabil for engineering data. 
ity is rated excellent as long as power 
dissipation rating is not exceeded 

The photocells are divided into 11 te ld MECHANICAL INDUSTRIES 
-ensitivity categories. Low impedance : 
cells are intended primarily for direct PRODUCTION COMPANY 
relay operation, while high impedance ASH ST AKRON 8, OHIO 
cells are intended for use with an 2-76 


implifier. Sensitivities range between 20 
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CALL IN &u///2/o Bo/t 


for a line on 


SPECIAL /s/eners 


TAKE A TIP from hundreds of manufacturers who use 


specially designed ® fasteners to get lower production and 


assembly costs and improved designs 


BUFFALO BOLT can show you some astonishing facts 


and figures that make it worthwhile for you to take a new look 


at the fasteners you are now using 


YOUR PHONE CALL or letter to any of our offices today can 


make an IMportant differenc ¢e¢ in your cost and sales 


BUFFALO BOLT COMPANY 


fp 


higures of tomorrow 


NORTH TONAWANDA, WN. Y. 


® 5 convenient centers 
WESTERN OFFICE EASTERN OFFICE 
Chicago New York Cit 


MArrison 7-2179 


CENTRAL OFFICE 
y North Tonawanda 


REctor 2-1888 JAckson 2400 (Buffalo) 


Vany GOOD products 
can be made BETTER 
with 


SPECIAL 
FASTENERS 


and 1500 microamp (5 megohms down 
to 67,000 ohms) at the very low illu 
mination of | ft-e. With proper ampli- 
fication, the photocells will detect 0.00] 
it-« Hupp Electronics Co., Div ot 
Hupp Corp., 743 Cirele Ave Forest 
Park, Ill 
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ROTATING HYDRAULIC 
CYLINDER 


Designed for hydraulic operation 
machine tools and other machines 
rotating hydraulic cylinder is rated tor 


use with pressures up to 750 psi and 


at speeds up to 3000 rpm. Standard 
6 and 8 in. The 
cylinder is made of alloy iron and is 
balanced for high speed use. The S-P 
Manufacturing Corp 12415) Euelid 
Ave.. Cleveland 6, Ohio 
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bore sizes are 3. 4 


RECYCLING ELECTRONIC 
TIMER 
Fully enclosed unit, Model 3CK, eles 


tronic timer has independently adjust 
able time ranges for both On and Off 
eveles of 1.5, 3. 6, and 12 sec (stand 
ard). It can be converted to. single 
time-cycle operation by the removal ot 
one tube from the unit. Fully enclosed 
terminals are easily accessible by re 
moval of back cover 

Other features: instant starting cold 


cathode tubes; tube cut-out during 
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NEW submersible pump motor! 


LELAND announces a new, fully U.L. Approved 
60-cycle pump motor that prevents vapor-lock! 


New, higher octane, more volatile gasolines development and under field test for more than 


pose a serious problem of vapor-lock. Or did. six years, it represents as great a step forward 


For Leland has developed a completely new as did the first gasoline curb pump motor to 


submersible pump motor that allows both receive U. L. Approval—developed by Leland 
motor and pump to be placed right in the over 30 years ago 


gasoline storage tank. There's good reason why Leland gasoline pump 


Leland’s new explosion prool pump motor motors outsell all others combined why for 


actually uses gasoline itself for both lubrication explosion- proof motors of any kind, your best 


and cooling... installs in existing tanks. In move is to Leland.Write, wire, o1 phone us today 


Another Leland’s new O-cycle 


rir THE LELAND ELECTRIC COMPANY wdrmarale” oni 
LELAND Dayton 1, Ohio ae nue ooy any 
MOTOR: 17" long 


Division of AMERICAN MACHINE & FOUNDRY COMPANY 
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timed-out periods; plug-in relays for 


easy servicing; and 8-amp, single-pole 
double-throw load contacts for 115- 
volt a-« operation (25 to 400 cycles). 


Model 3 timer is 5 in. high x 414 in. 
wide x 3%4 in. deep. Farmer Electris 
Products Co., Inc 2300 Washingt 


. & 

St., Newton Lower Falls, Mass 

U ad | 1e S QO [ Circle No. 17, Reader inquiry Service Cards 
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SUBMINIATURE 
POTENTIOMETER OPERATES 
TO 150 C 
& oe High-temperature, 1% in. subminiature, 


precision wirewound potentiometer op- 
erates trom 55 to 150 C Specitu a- 
tions: resistance range, 200 to 250,000 


Signal Corps qq 
RIQAP 


(REDUCED INSPECTION QUALITY ASSURANCE PLAN) 

cent: size, % in.; weight, 14 oz. Poten- 
tiometer is available in treaded bush- 
ings, servo, flush tapped hole, or flange 
mountings and in up to 6-gang units 
Unit meets applicable portions of JAN 
specifications and MIL-E-5272A stand 
ards. Ace Electronics Associates, 103 
Dover St., Somerville 44, Mass 
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GENERAL-PURPOSE RELAY 


General-purpose relay is designed for 

; : ; . jlate-circuit applications, for control of 
Comar klectric Company ts one of the first relay , ie 

other relays, photoelectric cells and cir 

manufacturers to qualify under the United States Army cuits. As a voltage-operated relay it is 


Signal Corps Honor Inspection Program . . . the Reduced suitable for motor starting and power 


. , . yply applications 
Inspection Quality Assurance Plan... RIQAP. Comar’s uppty application 
a Ferrous parts are cadmium-plated to 
qualification tor this honor is based on a proven record resist corrosion. Lug type of terminals 
of consistently producing products of high quality, equal to are used throughout. Coil is wound on 
o > ‘ > 2 ’ ~ é , ~ 
or better than the Acceptable Quality Level established by molded bobbin. Phenolic insulation i 
: , used, Coils are available in) standard 
the Government. The same rigid quality control 
and inspection methods necessary to win RIQAP approval ™” 


are embodied in all Comar products. 


Oomed ELECTRIC COMPANY 


3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


preneeryerng 


RELAYS * SOLENOIDS « COILS * SWITCHES * HERMETIC SEALING . — 
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KE ADEE 


INOLIKY 


t 


I 


CAKD 


VRECEDIN 


NO 


Permanently Transparent 


> 


4 
L 


- Le 
BH 70 105 


—— 


A new, low-cost dependal le insulation tubing that ts 
permanently transparent and offers high heat resist 
that's BH Flextrude-105. Made of 100% 

1 ¢ pecially for imsulat 

inp electric motors form ‘ ind other 
instances where high cut-th istance ts important 


I ontamination of 


sistance. BH 


continuous 


Now used in thes 


revent tf 
only one effective to know tf BH insula 


end for sample 


iditions to be encountered NV ¢ nd you pro 


ion samy les of the BH insulation t fitted for 


ARRIS MANUFACTURING 
1206 Barclay Street 


DeLepne 
BENTLEY, HARRIS 


TUBING 


*™TM Owens Corning Fiberglass ¢ t 





Westinghouse Electric Corporation 
} Gateway Center, P.O. Box 868 
Pittsburgh 30, Penna 


I'm interested in more information about Westinghouse germanium 


Semitron rectifying cells 
NAME 
riRM 
ADDRESS 


city 


184 


Westinghouse 
Germanium 
Semitron 


rated at 250 amperes... 
no derating for 
parallel operation 


The Westinghouse germanium Semitron* rectifying cell, 
rated at 250 amperes, is ideally suited to electroplating, 
electrochemical, anodizing and other low-voltage 
applications. 

No derating is required for parallel operation. All pro 
duction units have a matched characteristic of forward 
voltage drop at the maximum operating peak current. 

The cell is water cooled. At recommended rate of flow 
of one gallon per minute, the maximum temperature rise 
of the water through one cell is 34° C. 

Hermetic seal protects against atmospheric contami 
nation. 

Three voltage ratings are available now in productior 
quantities ... 26 volts rms, a-c; 45 volts rms, a-c; and 
66 volts rms, a-c. Use coupon for more information. 


Important electrical data on production units... 


WA L05 2-4 


250 amperes Vaximum average d-c per cell 


66 volts a-c Vazrimum rms a-c from no load to full load 

.7 volts Peak forward voltage drop at 250 amperes d-c 
6500 amperes Peak surge current for 1 cycle 
4000 amperes Peak surge current for 6 cycles 


2400 amperes Peak surge current for 6 seconds 


* Tl rade-Mark J-09003 


you Caw BE SURE...1F iTS 


ESA 


estinghouse ws 
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voltages up to 115 volts, d-c, or up to 
10,000 ohms. Relay will operate on cur- 
rents of 8 microamp. Suitable for con 
tinuous duty, the relay standard con 
tact arrangement in DPDT, rated up to 
10 amp at 115 volts a-c or 24 volts d-c, 
non-inductive. Contact material is fine 
silver, but other materials are available 
Life expectancy 1.000.000 — eveles 
Weight: 4.5 oz. Price Electric Corp., 
1500 Church St., Frederick, Md 


Circle No. 19, Reader Inquiry Service Cards 
preceding back cover 


THROUGH-SHAFT MAGNETIC 
DISK BRAKE 


Incorporating the advantages of sole 
noid operation, new through-shaft mag 
netic brake is called Model HT-50. The 
unit is designed so that the motor shaft 


extends through the center and = out 


ond the end of the brake permitting 
drives off both ends of the shaft. The 
brake can be mounted on NEMA 
frames 56-C, 66-C. 182 and 184. Stearn 
Magnetic In 642 Ss. 28th St.. Milwau 
hee 46, Wis 


Circle No. 20, Reader Inquiry Service Cards 
preceding back cover 


GENERAL-PURPOSE 
TIME SWITCH 


Heavy duty general-purpose time switch 
ean be used to control heating iit 
conditioning and = refrigeration equip 
ment, as well as other types of ap 
paratus where precise time control is 
lieve “ary 

Feature of the switeh. Model TSA 
Wj the shearing ition of the con 
tacts which are forced to slide against 


ich other as thes open ind close. Thi 


Miller Phosphor Bronze is consistently 


chosen for the tough jobs—in this in- 
stance a switch part that must withstand 
an estimated 750,000 ‘‘on and offs” with- 


out fatigue or fracture. 


Miller specializes in the tailor-made 
production of phosphor bronze alloys— 
in strip, coiled and flat lengths—best 
fitted to your needs. At Miller, Phosphor 


Bronze is the main line, not a sideline. 


THE MILLER COMPANY * MERIDEN, CONN. 
ROLLING MILL DIVISION 


Aimtitlis Cuilily Fiasohon Cronge 
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Engineering 
Samples NOW 
AVAILABLE! 


Oo Bi 
$-T-A 200 
$-T-A 300 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S. A. 


C566A 


prevents welding and keeps contacts 
clean under heavy overload conditions. 
Unit construction of the terminal 
block and contacts eliminates internal 
wiring. The one-piece assembly can be 
removed by loosening two screws. Op- 
erator safety is increased by the dead 
front construction of the switch. With 
the terminal shield in place, adjust 
ments may be made to the trippers or 
the time set without the possibility of 
accidental contact with the terminals 
Model TSA-40 has a 4-watt motor 
with permanent silicone-grease lubri 
cant sealed in for increased longevity 
and improved efhciency in a_ wide 
temperature range. The motor is suit 
able for operation from —50 to 150 f 
with sealed-in) lubricant) making it 
possible to stock the switch for ex 
tended periods without danger of the 
motor becoming inoperative 
Switch is furnished with either a plain 
dial for fixed time setting, or an astro 
nomic dial for dusk and dawn sched 
ules. It may be set to any time of the 
day with the minute-set dial and main 
tains a time schedule with the accura: 
of an electric clock, One or more day 
may be skipped during a week of ope: 
ition with the use of an omitting device 
The zine-coated, drawn steel case 
provide high resistance to severel 
corrosive atmospheres. Windowless. the 
se has a specially designed — pre 
ure-action latch with a weather and 
dusk-resistant neoprene gasket. Mode 
PSA-40 operates on 120, 240 or 480 
volts a-e. Frequency is 60, 50 and 2 
eyeles. Timer weighs 4°4 Ib 
mension ire Gi 
General Electric Co 
Schenectady 5, N.Y 


Circle No. 21, Reader Inquiry Servic 
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INFINITE CONTROL 
FOR OVEN BROILERS 


\eccurate regulation and control of in 
puts up to JO00O watt ine advantage 
claimed for a range switeh designed 
pecifieally for oven broiler application 
The control, whieh permit instant ad 


justment to any recommended broiling 
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input, can be used on either standard 
oven broilers or those featuring rotating 
or fixed rotisseries. 

Switch incorporates manufacturer's 
infinite control feature which provides 
an unlimited number of heat settings 
between high and low. With only three 
detents, positioned 45 deg apart 
(“high.” “off.” “low’) maximum heat 
selection is assured. Control can be 
rotated in either a clockwise or counter 
clockwise direction 

\utomatic compensation for ambient 
temperatures as high as 180 F provides 
even distribution of heat over the entire 
broiler element. The unit is also voltage 
compensated in every position except 
“high.” 

Designated Model 528, the control 
was perfected for use with 3000 watt 
236-volt, sheath-type element providing 
inputs ranging from 22'5 per cent 
(approximately 660 watts) to full input 
of 3000 watts. 

Unit comes complete with sleeve 
mountings. Proctor Electric Co., Equip 
ment Div., 3rd St. & Hunting Park 
\ve., Philadelphia 40, Pa. 


Circle No. 22, Reader Inquiry Service Cards 
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MINIATURE WOUND 
FIELD D-C MOTOR 


Miniature wound field dec motor, Type 
WM. can be wound shunt, series 


split series. Outside diameter is Iho in 


or 


x Ioy in. max 

\rmature windings are available for 
i wide variety of speed and torque chat 
acteristics; either spur or planetary 


peat train may hve used for peut reduc 


r 


tion. A governor is available for speed 
regulation: the unit can also be fur 
nished with a brake if required 

The package device can produce up 
to ooo hp (eontinuous duty) and hp 
(intermittent duty). Series and split 
series motors can be wound for 115 
volts d-« operation The shunt motor 
can be wound for 70 volt d-« 

The split series motor is primarily 
ised where reversibility is desired with 
1 single-pole, double-throw switch. The 
series motor is used where higher start 
ing torque and moderate current is 
needed, The shunt motor is used where 
better speed regulation is required 

Motor is designed to meet military 


requirements and has a rugged con 


Famsteell 


@ Hermetically Sealed 
CREEL EEL 


mC ae cL 
ACE eel 


mia cuiie 
up to 5200 volts 


BOSTON, MASS. ....-++++> ed 

lie lta a lb en eer) 
aa) s)he ue ee 
DALLAS, TEXAS Dixon 4038 .... 
HOUSTON, TEXAS .. ee tk) ae 
MILWAUKEE, WIS. ..... ae Oh Ta oe 2 
Ca oe eS a er) 1) 
PHILADELPHIA, PA. .... a ae 

SAN CARLOS, CALIF. .... -+ LY¥tell 53-6224 ....., 
PUM ea ed PYramid 1-2125 ... 


TORONTO, ONTARIO ee Ld 


C. F. Blanchard 
E. R, Follin, E. S. Weil 


ee a! 
Pe sad 


res) 


Glen laggi 


W. E, Bullock 
R, P. Fieldman 
David H. Ross 


Te 


Richard C, Martin 


re Pe reals) 


FANSTEEL METALLURGICAL CORPORATION 


North Chicago, Iilinois, U.S. A. 


DEPENDABLE RECTIFIERS SINCE 192 
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struction A cover can be added over 


FP the brush housing if mecessary and 
Wee ryan 3 integral or external filtering can be 
supplied as needed Globe Industries 


"i H it iS Stanley ve yton | 
will reduce your Fastening Costs eat, 1TG6 St Ave, Da 


Ohio 


Circle No. 23, Reader inquiry Service Cards 
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~ 
rivets 1/25-WATT PILOT LIGHT 


Semi-Tubular, Flush-style neon pilot light utilizes only 
Split and Shoulder a 1/25 watt of 


irrent Designed tw re 


" ' place conventional incandescent pilot 
rou avoid machine down-tinme weCUAMSE : 
ights with substantially higher watt 
every semi-tubular, full tubular, split ligh _— : — - 
—_— 
shoulder or special rivet is precision 
mace and hand inspected to 


1 issure 
fre« 


non-clogging movement in auto- 
matic setters 


rivet 
setters 


Your fastening cost ure ke hee use 
Chicago Kivet makes machines that set 
from one to seven rivets at a time ave the light is said to have an un 
Riveting is automatic and may involve cS 


the is ot pecial inde my fixture breakable prismatn red Plexiglass 

idjustable riveting center ind top or dome that gives off no heat. Pass & 

bottom rivet feeding and other mech 

wmiisim controlled } olenoid or alr 
or both 


Seymour Inc Solvay Station SVyvra 
9, N. ¥ 
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CORROSION-RESISTANT 
ANCHOR NUT FOR HIGH 
TEMPERATURE USE 


Corrosion-resistant anchor nuts, sult 


able for use at elevated temperatures t 


s * ‘ 
engineering 00 Fi said to adequately meet th 


800 dep classification in the new Au 
Phe recommendations of ¢ hicago Rivet Force-Navy Speciheation MIL-N-25027 


engineers are most valuable. Their Available 


in both miniature and regu 
kno~wledve of rivet faste ning tech 


r 


lar size anchor-nut configurations, the 
rikepuse gained from solving thousands 


of manufacturers’ fastening problems 
‘ in help make your product more com 
petitive. Calling Chicago Rivet is a 
habit-formed procedure with many 
compank You incur no obligation 
when you use i vice of Chicago 
Rivet Engineer print or 
sample assembly with your inquiry 


ns & MACHINE CO. nuts are said to possess excellent 


9609 WEST JACKSON BOULEVARD magnetic properties and hence Sih 
BELLWOOD (CHICAGO SUBURB) ILLINOIS in electronic devices, aireralt equip 


a BRANCH FACTORY: TYRONE, PA ment, or wherever low magnetic perme 


ability tasteners are required 
New Rivet Catalog contains engineering data, The 


list of popular semi-tubular, full tubular, split sitesieds eal Seakhe . aris 
Faivers } and shoulder rivets and popular automatic an I a ig igt 


nuts are lightweight and utilize 


rivet setters. Write for copy Made to comply with all applhieable 


Air Force-Navy Specifications the 
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A. W. COOLIDGE of General Electric, design engineer on thyratron tubes, checks a 
bank of the new thyratrons shown operating on extended life test. 


Warranty hours increased 1667 on new 
G-E thyratrons that replace Type 9949! 


. LUSIVE life-test results 
back up General Electric's 
8000-hour warranty of the new 
GL-6808 and GL-6809 motor- 
control thyratrons. Predecessor 


[ype 5545 carried only a 43000- 


hour warranty. 


Radically improved tube features 
account for the increased depend- 
ability and long life that have been 
proved in tests of the new thyra- 
trons. Check the illustration of the 
GL-6808 at right for three of these 


advancements in design! 


As important as the new tube 


features, are General Electric im- 


provements in metal-glass bonding 
and other manufacturing processes 
that bring a lower tube price. For 

in addition to a warranty nearly 
tripled in hours, increased rugged- 
ness, far greater reliability 
General Electric’s new long-life 
thyratrons come to you at a price 
which is substantially less than that 
of Type 5545! 


Ask for full particulars! If you 
wish, a G-E tube engineer will be 
glad to consult with you on specifi 
motor-control applications. Tube 
Department, General Electric Com 
pany, Schenectady 5, N. 


Progress /s Our Most Important Product 
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GL-6808 


2a 


1 Anode terminal is brazed solidly to 
lead, won't come ofl 


2 Outside air cools anode and grid by direct 
*thermal contact; prevents tube overheating, 
keeps down grid emission 


3 New, strong cement anchors cathode base 
“firmly in place 


(;L-6808, shown above is bracket 
nounted, with flying-lead base ter 
minals. GL-6809, below, has spade-lug 
terminals. A third new type--GL-6807 

has pin terminals I ube design ind 
construction of all three types are 


dentical; ratings same as lype 554° 


NEW 
GL-6809 











lightweight anchor nuts are presently 

‘ produced in tap sizes 6-32, 8-32, and 

} 10-32; additional tap sizes will be 

. os available in the near future. The Kay- 
a Co., Box 2001 


nar Terminal Annex, 


YOUR SOURCE FOR HIGHEST QUALITY Los Angeles 54, Calif. 
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FLEXIBLE COUPLING 
ASSEMBLIES WEIGHS ONE OUNCE 
Flexible coupling unit for mechanically 


7 et ee Te TT ee eet mmicahenment 


subject slight misalignment is 

























useful in) business machines, instru- 
ments, and light mechanical assemblies 


“ yl dia 


ELECTRO-MECHANICAL DIVISION 
i mh 





requiring torques of less than 10 in.-Ib. 
It is of plated steel and spring brass 
construction and available for connect 
ing '4 in. shafts. Size: DY in. x 1% in.; 
weight, | oz. The Cincinnati Time Ree 
order Co.. 1733 Central Ave., Cinein 
nati 14, Ohio 
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STRANDED HOOK-UP WIRE 
WITH EXTRUDED 
TEFLON INSULATION 


Kxtruded Teflon-coated wire for high 
temperature service is) being initially 
produced in a stranded hook-up wire, 
under the trade name of Temprex 


Coated with a smooth Teflon sheath, the 


Py 


-- 
We have the unique combination of facilities for producing electronic ia 



























components, molded plastic parts, metal stampings and embossed 
wiring boards, for Electronic and Mechanical Custom Assemblies. 

By subcontracting certain basic assemblies to ERIE, you, the manu- 
facturers, can devote more of your engineering time to the design of 
new equipments and development of end use systems, and save on 
your final unit costs 

‘Take a close look at your present and future products! Could you 
subcontract part of them to our Electro-Mechanicai Division and 
realize a cost advantage? Or could our experience in unitized assemblies 
offer you some of the plus advantages of easier servicing? 

Erie Resistor will welcome the opportunity of consulting with you 
in analyzing your equipment to take advantage of our facilities. Write 
for a copy of Bulletin 460. wire insulation has the inherent prop 

erties and characteristics of Teflon, in 


cluding suitability for high-temperature 
ERIE Mite tee Ge ye servies 
: ERIE RESISTOR CORPORATION Available in 14 standard colors, the 


Moin Offices. ERIE, PA. hook-up wire is available in many com- 





a. Voor ade DIDCOT 


LLL TE da tied boda beab ti dba ad cobb tei dah daha cde icabbbeladhed binations of 1 or 2 color stripes, and is 
made in a wide range of sizes from 26 
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UPERIOR strip steels 
in composition 
in handling @aS@. ss a : stacy 


in application 


ee Steel 


CORPORATION 


T ee 
V% ry YS 

2 = 
4 





CAST ALUMINUM 
FOOTSWITCHES 


1 10-amp 
r DPDT, ot 


a 


CREATES a Spring... 


This is an Accurate Spring! It’s 

different than the rest, because it’s 

designed and engineered for its job. 

It has been created by Accurate’s ELECTRIC SAFETY CONTROL 

skilled craftsmen who approach all FOR MECHANICALLY 

yy eset il ame ae)s) (ati Mm siete oe lates TRIPPED EQUIPMENT 

Re bitvale leek oe ay A ear 
When YOU need the best of springs, 

held to the closest tolerances and 

manufactured at the lowest cost — 

YOU need Accurate! 


od 


ie | 


46 


LLL DAL AADALAAS AAA, 
SE ee OY Ay’) 


ACCURATE SPRING MANUFACTURING COMPANY SPRINGS 


3817 West Lake Street + Chicago 24, Illinois WIRE FORMS 
STAMPINGS 





¢ 
Z ond 
Trade-Mark 


PRE-INSULATED 
TERMINALS 


for heavy-duty wires! 


Ap Bond is ine 


first and only terminal with 
bonded insulation and 
insulation support for copper 


wire sizes 8 through 4/0. 


ASK ABOUT 


dug rite AM opronch 


TO BETTER WIRING 


Bonded insulation, withstanding a minimum of 6000 vol insures dielectri 


‘ ] ] 
alue An insulated metal reinforcing insulation and pro 


tect the wire from the weake nine eftlect Ol ibration ind bending I he 
| 


terminal body is electro-tinned for high conductivit' Inner 


barrel increases the contact surface and _ tensile 


millivolt drop. 


The A-MP Dyna-Crimp Tool, with interchangeable heads and dies, 


crimps Ampli-Bond terminals rapidly, easily and uniformly. 


Con alt youl lox il A- VP 5 ie Ie 


write to Harn burg for furtl 


Aircraft-Marine Products, Inc. 


General Office: Harrisburg, Pa. 


A-MP of Canada, Litd., Toronto, Canada 
A-MP—Holland N_V., s-Hertogenbosch, Holland 
Aircraft-Marine Products (G.B.) Ltd., London, England 


Saciete A-MP de France, Courbevoie, Seine, France 





The 
Curtiss-Wright 


“SNAPPER” 


NEW CONCEPT... ADVANCED DESIGN 
IN THERMAL TIME DELAY RELAYS 


Designed for high performance 
and long life, the Curtiss-Wright 
“SNAPPER” Thermal Time 
Delay Relay is proving itself in 
countless applications involving 
time delay in electrical circuits. 
Such applications include cir- 
cults to provide definite on-off 
time intervals to delay the appli- 
cation of high voltage until after 
warm-up period and for over 
and under voltage protection with 


to 120 seconds. They are available 
in metal envelope, miniature (7 
and 9 pin) or octal (8 pin) and 
in a glass envelope in 9 pin only. 

Curtiss-Wright manufactures 
the High-Low “SNAPPER” Dif- 
ferential Thermostat with high 
precision characteristics. Write to 
Thermal Devices for complete 
information. 


simultaneous fault indication 


These relays have single-pole 
double-throw contact action, 
high ambient temperature range, 
freedom from chatter and arcing, 
and are small in size. The 
“SNAPPER” thermal time delay 
relays are factory pre-set from 3 


there’s an amazing 


HU 


in this tiny cartridge unit! 


A new design advantage for you. 


ACTUAL SIZE 


As much heat in ‘sth the space. 


{%" long, %" dia.) 


mo ¥ 125 W 


Standard units from 1/4" to 


"and |." dia. 


Rating = 
12" long, 
Example of Application 
Used to heat metal die to 900°F 
forming titanium in the Aircraft 
Industry 
WRITE for 
Ilustrated Bulletin 


- SINCE 1922 DESIGNERS AND MANU. 
‘OW FACTURERS OF ELECTRIC HEATING UNITS 
ELECTRIC MFG. CO.. 


1362 FERGUSON AVE. 
SAINT LOUIS 14, MO. 


capas itor lo red energ 


produce 


the next machine cycle The contro] 


cheated by tying down one 


with the other, o1 


innoet be 
button and operating 
by short circuiting 
Unit also ine 
idjustment that 


orporates a time 
permits changing the 
time interval between the 


of the 


depressio 
first and second hand buttons. It 
also applies where mere than two cor 
trol buttons are used to operate a ma 
chine. In addition to nonrepeat opera 
tion, the system can be changed by 

selector switch to repeat operation for 
control. By 
this method the press continues to cyt Je 


hand 


held down. If any 


either hand or foot switch 


button or foot 


buttor 


as long as the 
switches are 
or foot switch is released, the press will 
stop and the entire eycle must be re 
Controls, Ine 246 
Buffalo 2, N. ¥ 


29, Reade Inquiry Service 
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Franklin St 
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COMPRESSION CONNECTORS 
FOR COPPER CONDUCTORS 
ARE COLOR-CODED 


Featuring color coding and hand tool 


ing. line of compression connectors for 
coded copper conductors consists of one 
ind two-hole lugs and two-way con 
nectors from No. 8 AWG to 1000 MCM 

Kach connector size from No. 8 AWG 
MCM ji coded to corre 


spond to a die hand tool 


to 250 color 


in the Quick 


ind correct sé lection 0 


ind its die for a particular installation 


matching the 
hand tool IBM 


in excellent joint of his 


is achieved by 
The compact 
aid to assure 
pullout 
tween the fitting and conductor: 
color coding 
peed 


value and low resistar 


factor, plus the 
fittings, simplifies and 
tion 


The coppe r connector! 





Here it is—the 


on SILECTRON CORES ... all shapes and sizes 


[This new bulletin contains design information on of an ounce to 1 


from a grain-oriented silicon ard tape 


lred pounds, in stand 


tand 12 mils 


new method 0 ring 


Arnold cores wound thickne 
teel, Silectron. Curves showing the effect of im A core izes 18 intro 
pregnation on core material properties are published | 

for the first time. This 52 page bulletin include 


formation on cut 'C’’ and “E” core 


iced, whereby c« re listed in the order of their 


in power-handling pacity. You ll find this Silectron 


and uncut toroids core bulletin a valuable » your engineering 
{ rectangular Shapes. Sizes range from a fracuon file vrite for ’ 


ADDRESS DEPT. EM-66 


THE ARNOLD [-NGINEERING (SOMPANY 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
General Office & Plant: Marengo, Illinois 
> DISTRICT SALES OFFICES... New York: 350 Fifth Ave. 
Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 
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Thrust plate 
thr 
pla 


mot 


Oil-slingers 


oil-slinger 


“Oil pump” groo 
les continuo 1V 
replacement of cooled, filtered 
on bearing surfaces, thus 


iring maximum bearing life 


Internal fan draws cooling air 
over aluminum bearing hous 
ing to draw heat away from 
oil being re-circulated across 


inside bearing surface 


Sleeve bearings are babbitt- 
lined and steel-backed. They 
ire precision machined for 


accurate rotor alignment. 


Unique General Electric 
continuously bathes 


1/12TO 1/4 HP 4- and 
6-pole, shaded-pole 













Shaded-pole motor bearing 
itself with cool, filtered oil 


. Special “oil pump” on shaft plus oil impervious slingers 
permit ‘‘sealed-in”’ lubrication for MAXIMUM BEARING LIFE 






In a continuous cycle, a cooled and filtered oil supply constructed to assure precise bearing alignment. Gen 


is re-circulated through unique G-E_ shaded-pole erous ventilating openings provide optimum cooling 










motor bearings. Oil is ‘‘sealed-in,’’ eliminating need for New cushion rings are firmly clamped in place and 
go lie ‘ ] ; ’ ae no life > ‘ 
re-olling and permitting maximum bearing life plus with bonded outer ring hold motor firmly in its base 


> » T ‘ ‘ os > ' ” | ve 
quieter operation. Just how ‘‘sealed-in’’ lubrication under rigorous shipping conditions; also provide for 


am . . » it 68 us . 
works is described in the illustration at the left quieter, vibration-resistant operation. 


‘“‘Sealed-in’’ lubrication on G-E shaded-pole motors is ; 
5 Pressure-cast aluminum rotor and fan blades help 
just one feature that makes these shaded-pole motors ' ' 
: ape dissipate rotor heat for cooler, longer life bearings and 
your best buy. Additional features of G.E.’s new 










; insulation. 
s 1/12 through 1/4 hp line of shaded-pole motors for 


. é Short length of these new motors permits you to de 
larger fan drive ratings are: : 

; . oe ‘ sign more compact, better-looking products. Saves on 
Moisture-resistant resin insulation permeates every 


: . ; et your materials, too 
crevice and air space in slots, and between windings : 






* dries hard and durable. Three-way mounting is offered on this line of G-E 
Forced internal ventilation from aluminum fan blades shaded-pole motors: cushion end-rings, thru-bolts, 
means cooler operation for longer bearing and in resilient cradle bases. Also available are extra-high 
sulation life. bases, and Quick Clamp mountings. 

Shell-type construction makes possible a short, light EXPERT APPLICATION HELP from G-E engineers is 
weight, double-end ventilated motor —-helps increase available to you. For complete shaded-pole motor 
temperature differential between winding and bear service, contact your local G-E Apparatus Sales 
ings for longer life. Office. Or write for Bulletin GEA-6134 to Section 
Aluminum end castings of new design are sturdily 632-1, General Electric Co., Schenectady 5, N. Y 


Progress /s Our Most /mportant Product 


| GENERAL @@ ELECTRIC 


SETTING THE PACE IN MOTORS FOR THE AIR CONDITIONING AND HEATING INDUSTRIES 









25 MHP TO 1/12 HP 151035 MHP 2- and 1.5 TO 16 WATTS 1/6170 1/2 HP 35 MHP TO 1/2 HP 1/6 T0 3/4 HP, 
shaded-pole and perm. 4-pole, shaded - pole 4- and 6-pole, split-phase perm. -split-cap capacitor-start 
split cap shaded-pole 
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pre-design 
aC aT hy 


with NICKELOID 
METALS 























THESE FINE PRODUCTS WERE 
DESIGNED AROUND 
NICKELOID METALS 


Inthe pre-design stage... before investing in tools 
and clic consider pre-plated Nickeloid Metals. 
Dake full advantage of their inspir- 
ina «le siya prevte ntial ancl basic 
production savings, too. PRE- 
plated in uniform, quality-con 
trolled finishes of chrome 
nickel, copper or brass on 
base metals of steel, zine 
copper, brass and alumi 
peter Nickeloid Metal- 
require ne cleaning 
platin poli hing 


Just fabricate the parts and a- 


MAR-NOT PROTECTION 


To protect the brilliantly finished sur- 
face during drawing and forming 
operations, and in handling, Nickel- reduce costs, increase oulput 
Pi Mat ee Le Ll ele stele 

NOT — a protective covering that af- 

fords absolute protection until final as 

sembly; then may be peeled off 

VALE ie 


emble. Eliminate 3 out of 5 basic 


mantifacturing steps: save thine 


SD a 


PERU 3, ILLINOIS 





trength. They are drilled to NEMA 
standards, and have been ipproved b 
Underwriters’ Laboratories. The Thoma 
& Betts Co., 26 Butler St 


NJ 


Klizabett 
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60-CYCLE A-C SERVO MOTOR 


Sixty-cvcle servo motor 1s ly 
diam x 2 


4 In long Both two pole 
ind four pole machines are available 
with either hysteresis or induction type 
rotors. The hysteresis models are said 
to have good low voltage preformance 


with absence of any “cogging” effect 





The induction rotors are aluminum 
bar design and have higher torque 
capacity than the hysteresis type. Units 
ean be furnished with standard or 
pecial gear reducers. Globe Industries 
In 1784 Stanley Ave., Dayton 4, Ohio 


cle No. 3 Reader luquiry Service Cards 
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MINIATURE SFHP MOTORS 
FOR AIRBORNE EQUIPMENT 


specially designed for use in air 
orne ACCESSOTY equipment line of 
de motor thie 1200) trame series 


onsists of high-power, miniature per 
inanent-magnet units ivailable 


ratings trom wm to hp. The d-« 





notors, which feature voltage outputs 
ranging from 6 to 28 volts, operate at 
1000-22.000 rpm 

All units in this frame size are 


pole, ball-bearing d-c motors Motors 


can also be supplied equipped with 
noise-suppression filters ind thermal 
cutout Shatt extension ind flange 
diameter ire optional The 1200 
eries motor, shown in illustration in a 
ELE 41M FAC I 





) need quick service 
| | on TIMERS | 
«»for automatic Wy 
control ? 


Time Delay Timers 


The more automatic control problems we get, the better we like 
it. For while it's true each automatic control job is a bit different from the 
rest, the record shows that our 19 years of timer experience has given us 
the special knowledge it takes to give you the right answers, and in near- 
record time 

If one of our standard timers won't do your job — or one of the 721 com- 
binations we have thus far developed from our 17 basic units — our engineers 
will go right to work to develop a new combination that's the one for you 


That's the way we grow — and we like it 


We manufacture a complete line of timers in these 4 broad classifications: 


TIME DELAY TIMERS «+ INTERVAL TIMERS 
RE-CYCLING TIMERS * RUNNING TIME METERS 


And since we maintain large stocks of our 17 basic units, we can assure 
you of rapid deliveries — of excellent deliveries even on special orders. So interval Timers 
whatever your automatic control problem, you have everything to gain by 


submitting it to our timer specialists. They'll give you a profitable answer — 
almost with the speed of automatic control itself. 


vous Vesa SD 


oy a 
LL oor 
‘<7, May 1 a 


Running Time Meters 


SOT ae ea INDUSTRIAL batiula.3 CORPORATION 


the Pulse Beat of Industry JZ 1411 McCARTER HIGHWAY, NEWARK 4,N. J. 
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Here’s One-Stop Shopping For All Your 
Molded Plastic Needs... A 


Super Market 


FOR CUSTOM 


Here at AICO you will find, under one roof, a 
complete one-stop shopping service tO pro- 
vide produc timprovement quality relinement 
and reduction of costs through the proper 
application of molded plastics. Since 1916, 
AICO has been a major supplier of molded 
plastic Components to many of America's 
leading manufacturers. AICO's unequalled 
experience with every type of material and 
all molding methods 1s ready to work to your 
advantage too 


To see if you should convert your particular products to plastics, 
send for the 3 AICO Shopping Guides to the profitable use of 
plastics shown below. They're free No obligation. Mail 
coupon for your copies today 


is Nal 


ee 


AICO FACILITIES BOOKLET; Describes the AICO PLASTICS APPLICATOR: Quickly tells 
equipment needed to provide a complete you which plastic material will be most suit 
molding service. Serves as a valuable guide able for your product and how it should 
to selecting ao single, fully-equipped molder be molded 

to do your work, and thus avoid the annoyance — REINFORCED PLASTICS BOOKLET: Describes 
and waste of split responsibilities these amazing new moterials as strong os 
steel, as light as aluminum. Tells all about 
thew uses 


AMERICAN INSULATOR 


CORPORATION 
New Freedom, Pennsylvania 
Send me the AICO PLAST!C SHOPPING GUIDES checked below 
AICO PLASTICS APPLICATOR AICO FACILITIES BOOKLET 
A COMPLETE PLASTICS § REINFORCED PLASTICS BOOKLET 
MOLDING SERVICE includ 
ing engineering, mold i 
building, compression 
transfer, injection and cold ' 
molding plus the molding i 
ot Reintorced Fiberglas . 
5 aa 


Leese weew wee eee eee ead 


oss — 


blower application. is also suitable for 
use in fan and gear units. Induction 
Motors Corp 570 Main St West- 
bury, N.Y 
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MERCURY-VAPOR 
THYRATRON 


Expected to find applications in re 
sistance welding and other types of 
equipment, 2.5 amp d-c thyratron is 
designated the NL-632B. It is a mer- 
cury vapor shield grid thyratron de 


signed and specially tested for use 


in frequency changer type resistance 
welders. NL-632B ratings are: filament 
volts, 5; filament current, 4.6 amp: 
anode current, 2.5 amp d-c; peak 
anode current, 30 amp; peak inverse 
and peak forward volts, 1500; and 
maximum averaging time, 15 sec. Na- 
tional Electronics. Ine., Geneva, Il 
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A-C MOTOR-TACHOMETER 
FOR AIRBORNE, INTEGRATING 
AND RATE SERVOS 


Ruggedly constructed 400-cycle minia 
ture a-c motor tachometer has been de 
signed for applications in airborne pre- 
cision integrating and = rate servos 


Pac hometer performance features 0.05 


per cent linearity error over a 0 to 4000 
rpm range and a 0.05 per cent scale 
error over an ambient temperature 
range of 55 to 75 C. The 400-cycle 
null voltage is reduced to virtually 
zero (less than | millivolt in phase and 


quadrature). Output voltage is in phase 





FOR BETTER ELECTRICAL PRODUCTS 


Exacting elgele (aie MmUC A iiele b 

and constant laboratory control com- 

bine at Newport Steel to produce electrical 
sheets that are unfailingly true in gage 
structure, unvarying in electrical qualities. 
Scores of electrical equipment manufacturers 
ae elab ale be hd oa eel 
they punch cleanly, assemble smoothly and 
easily, and impart their own superiority to 
every. product in which they are used. With 
over seventy years’ steelmaking experience, 
plus modern facilities, strategic location and 
conscientious personnel, Newport Steel is 
indeed a most logical source of supply. Be 
sure to talk to Newport before you buy. 


Cold-Rolled Sheets 
Hot-Rolled Steel in Coil 
ECONOMICAL WATERAIL-TRUCK DELIVERY Hot-Rolled Pickled Steel in Coil 
Hot-Rolled Sheets 
Hot-Rolled Pickled Sheets 


( ‘ 


,alvanized Sheets 
Galvannealed Sheets 
Colorbond Sheets 
Electrical Sheets 


Alloy Sheets and Plates 


) x 
I | Electric Weld Line Pipe 
(oe Roofing and Siding 
y | Eave Trough and Conductor Pipe 
W CORPORATION 


ee \ NEWPORT, KENTUCKY 


YOUR CONFIDENCE !6 JUSTIFIED WHERE THIS FLAG FLIeSs . A SUBGIDIARY OF MERRITT-CHAPMAN & SCOTT CORPORATION 
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CONSULT 


Your product benefits 
3 ways from the use 
of a DIALCO Pilot Light: 


Enhanced appearance 
The glow of light and 
sparkle of a lens add 
colorful visual attraction 
Greater safety: A timely 
warning flashed by a 
pilot light can prevent 
damage to equipment 
Added service: Discs 
inserted behind lenses 
can be used to deliver 
specific messages, such 
as ‘FUEL LOW", 
“ON OFF", et« 


Let the Dialeo engi 
neering department as 
sist you in selecting 
the right lamp and 
the most suitable pilot 
light for your needs 


Dialco offers the com 
plete line of pilot 
lights, from sub-mini 
ature types to giant 
units with 144" lenses 


Every assembly is avail- 
able complete with lamp 


SAMPLES ON RE- 
QUEST AT ONCE — 
NO CHARGE 


Illustrations are ap 
prox, 70% actual size 
(A) No. 68-1930 
111 sub-miniature 
pilot light (B) No 
521308-991, with mul 
tivue cap (C) No 
922210-111, dimmer 
type...(D) No, 47901 
with light shield cap 
write for Catalogues 


ood Design Brochure 


Foremost Manutacturer of Pilot Lights 
CORPORATION 


60 STEWART AVE. © BROOKLYN 37, W. Y. 
HYACINTH 7-7600 


Htation voltage ithin 0.05 
The tachometer ias a built-in 
heates and ten perature ensing wind 
to w heater is controlled 
externall located magnet 

il iplifier 
Lhe 0% motor 1 i bp le oY odel 
me no-load peed 9500) rpm it 
jas a stalled torque ol 0.9 oz-in. with 7 
watt per pla ‘ input Phe motor 
chometer unit is flange-mounted and 
37 iti iti dian } j ini long 
Componen Irie 65 Rush 


Westbury Long Island, N y 
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TRANSFORMERS FOR 
PRINTED-CIRCUIT USE 


Featuring ferrite cores, series of en 
capsulated transformers can be wound 
to cover pulse widths ranging from 0.1 
to over 2.5 microsec. They are designed 
cards, 
These Type P transformers offer a flat 


profile with accurately spaced solder 


especially for printed circuit 


apeperg et 


pins. Type PE units feature a pin ar 
rangement similar to the standard 7 
pin miniature, but with the pin on an 
Mig in. diam. Type PA features an at 
rangement of pairs of pins, so located 
that the pins fall at the intersections of 
De hnitrol Engi 
neering Corp., 2751 North Fourth St 
Philadelphia 33, Pa 
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a in, center grid 


SILICONE GLASS CLOTH 
ELECTRICAL TAPE 


Both heat curing and pressure-sensilive 
new “2-in-l silicone glass cloth elec 
trical tape was engineered for use in 
the manufacture of electrical and ele 
tronic equipment which must. either 
operate at high temperature or 18 ex 
posed to high temperatures during 
operation Withstanding exposure to 600 
I and more the tape iid to be 
carbon-free, chemically inert, and to 
possess long life as effective insulation 

When properly cured, Tape 211 be 


comes not only more firmly bonded to 


the applied surface but resistant to the 


CT; he abbot 
ano the 


usclebound 


File Clerk 


The abbot studied the snapshot 
sympathetically and read the 
scented letter. “You must help me 
kind sir,” it pleaded. “For years 
I've struggled with overloaded 
sticky file drawers. Look at me! 
I'm so musclebound people think 
I'm a lady wrestler instead of a file 
clerk.” 

The litthke man had a ready an 
swer, this time. Seating himself at 
his photo-electronic typewriter, he 
wrote, “Ask your employer to in 
vest in up-to-date files equipped 
with drawers that glide smooth] 
and effortlessly on ABBOT! 
Deep Hardened and Tempered cat 
bon steel bearing balls. They open 
and close at the touch of a finger! 

Abbott bearing balls have un 
limited uses because they possess 
great shock resistance and perform 
efficiently under high load factors 
These special properties come from 
Abbott’s unique manufacturing 
processes and quality control which 
amply justify the name 
ABBOTT “the Ball with the 
Armored Heart” 


Have you a knotty problem whicl 
the abbot may solve with his vast 
knowledge of The BALI its 
Write 


nature and applications’? 
him about ut at 


Tho ABBOTT BALL Company 


60 Railroad Place, Hartford 10, Conr 
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SISA MC 


‘performance-quaranteed 
FA 


Core quality is no longer your worry—it’s ours, for we guarantee performance 
of our tape wound and bobbin cores to mutually agreed upon specification 
What’s more, you can specify a host of extra Magnetics, Inc. exclusive 
features. These include the Aluminum Core Box*, to withstand the rigors of 
temperatures to at least 450°F., vacuum impregnation, heavy winding stresse 
and vibration—and the color-coded bobbin core, for error-free handling in 
storage and assembly 

Why not write today for your copy of Catalog TWC 100-A”? And if you 
have an application problem, our sales engineers are ready to provide you 
with expert assistance. Magnetics, Inc., Dept. EM-29, Butler, Pens 


*Potent Pending 


MAGNETICS inc. 


_ 5 CABLE: Magr 


; # 
a 
Magnetics’ bobbin cores, too, 
are performance-puaranteed! 





RACK & PANEL 
EE Re ee 








AMPHENOL provides custom engineering 








AMPHENOL ELECTRONICS CORPORATION 


7 j ee 





attack of solvents. Curing begins at 250 

F, at which temperature the develop 

ment of stronger bonding to the applied 

surface begins. Resistance to solvent. 

however, does not begin to develop 

until the 500 F mark is reached. 
Properties include: 


Tensile strength, lb/in. width 
Elongation, per cent 
Adhesion, 0z/in. width 
Tape thickness, mils 
Insulation resistance (96 per cent 

RH) megohms (min) 8000 
Dielectric strength, volts 5500 
Minimum curing cycle, hr at 500 F ; 


The characteristics of the electrical 
tape are parte ularly valuable in the 
manufacture of Class H transformers 


The tape also answers need for a 


Class H pressure sensitive tape in the 


manufacture of motors which must oper 
ate while exposed to high temperatures 
Permacel Tape Corp., State Highway 
25. New Brunswick, N. J. 
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LOW-LEVEL TOROIDAL 
SIGNAL TRANSFORMERS 


Toroidal signal transformers for air 
borne geophysi« al. and other low level 
or high impedance units is designed to 
conform to MIL-T-27. Units are avail 
able in ratios from 1:1 to 100:1 and 
1:1:] with exact centertaps and ele 


trostatic shielding between windings 


Input impedances of 370,000 ohms are 
typical with very low phase shift. The 
toroidal design greatly reduces pickup 
of stray frelds and affords maximum 
coupling between windings. Dimen 
sions 1.06 OD x 0.62 high: weight 
only 16 gm. Arnold Magnetics Co 
5962 Smiley Dr... Culver City, Calif 
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HIGH LUSTER PEARLESCENT 
ACRYLIC SHEET 


Indicated applications ol a pe arlescent 
cast acrylic sheet include refrigerator 
nameplates and appliance knobs. Nat 
ural mother-of-pearl is diffused through 
the acrylic sheet by a sper ial casting 


process Excellent orientation of the 





SPECIAL 


rotary rectifier for speed control 


This is a unique, commutating device, specially built by ESCO, 
to provide a signal used for accurate, wide-range speed control 
tor a variable frequency alternator. 


It’s a rectifier because it supplies a DC speed control current from 
an AC alternator output. Special windings in the alternator 
impress a “revolving voltage” on a fixed commutator within the 
device. Rotating brushes collect this voltage, in proper synchroni- 
zation, to deliver a DC output through two slip rings. This 
output is exactly proportional to the air gap flux of the alternator 
and is used to control the drive motor speed. This particular 
method was chosen for its exceptionally smooth, accurate control 
over a wide speed range from well below 100 rpm to above 4,000. 
This is typical of ESCO’s unusual ability to design special rotary 
equipment to meet customer needs. Whether or not your problem 
is this special, remember ESCO’s forty years of broad experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen. 

Refer to Esco Catalog in section 4a/EL in Sweet's Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem we'll be glad 

to show you how we would go about solving it for you 


ELECTRIC SPECIALTY CO. 


171 South Street, Stamford, Conn 
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component pearl is said to be achieved 


The sheet is said to have high luster 
Can you use help "2." 
The cast pearl sheet is 
more than 20 jewelled and metalli: 


colors, in thickness from 0.080 to 


with , ).250 in. Sheet sizes range from 12 in 


x 48 in. to 36 in. x 48 in. Larger sizes 


precision headaches : ‘ are available on special order 


The sheet is easily machined and 


like this? i formed, without affecting the orienta 


tion of the component pearl. It is said 


available inh 


to have excellent tensile and flexural 
strength, and to be shatter- and impact 
resistant, a well as dimensionally 
table. It is said to be an excellent 
thermal and dielectric insulator. Cad 
lac Plastic & Chemical Co 15111 
Second Ave Detroit 3, Mich 
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SFHP MOTOR 


Having output ratings of 

model of a series of subfractional 
juare motors has an input of I15 

volts. The input frequency of the motor 


Mod | VKM 14 is OFF cveles: motor 


peed is 3200 rpm (based on 3.5 mf 


Let General Mills work them Out for yOu ..apscitor): continuous running tim 


> min, max. Weight is 2 lb, 6 oz 
Right now our systems engineering people and our factory can be Motor is available as a unidirectional 


at your service if you need volume piece parts or assemblies such as type or 4-wire reversing. Motor shaft is 
@electro-mechanical systems or components 6 in. max OD ind is available in 
@fine-pitch, instrument-type gears any length 
@precision parts, cutting, grinding, finishing All model ire made to customer's 
@industrial or military optical assemblies requirement Janette Electric Manu 
facturing Co., Small Motor Div., Lehigh 
Ave. at Main, Morton Grove, Il 
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Right now you can utilize the experience of our creative engineers 
and precision production plant—the same men and machines that 
have handled prime and sub-contract work like the bombing sys 
tem computer above, the B-47’s Y-4 bombsight, and similar com 
plex systems. And of course we offer full laboratory and environ 
mental testing facilities. 


LET US BID on your specific requirements today. Save time, HIGH-SPEED RELAY FOR 
cut costs and eliminate the worrisome problems you face in re DRY-CIRCUIT AND 
cruiting competent engineers and skilled production hands. We 

LOW-POWER USE 


ages in quantity, on time, to mee: strict military specs Designed for reliability in) dry-cireuit 


have them now and can rush delivery of parts or whole pack 


ind low power applications, the Syn 
ASK FOR FREE NEW BOOKLET covering complete manu croverter relay is unaffected during 
facturing capacities and capabilities Write, wire, or cia: Mair ulataale 

operatic shocks 
phone Dept. EM6, 1620 Central Ave Minneapolis 13, pone cae 
Minn.. STerling 9-881] vibrations (10-55 cps) of 10 ¢ 


up to 30 g and 


Typical performance characteristics 
include: temperature range 55 to 


MECHANICAL DIVISION 100 C; contact ratings, up to 28 volts 


200 ma; pullin time (including 


or General Mills, Ine. eit 





NEW \/-LOCK TEENUTS. 


“a @ self-locking 
£ 
EP 


® vibration-proof 

@ one-piece construction 
@ proven effectiveness 
® highly adaptable 


® re-usable 


The upper portion of this precision made Teenut incorporates 
a V-type notch with the circumference of the barre] compressed 
inwardly toward the axis to form a permanent set. This makes it a 
re-usable, prevailing - torque -type, self-locking nut 

It is a One-piece, self-contained unit in which the self-locking device 


is an integral part of the design. No non-metallic materials or stan pe d 


parts are used so that the V-lock Teenut is not affected by heat or oils 
and has high tensile strength 

As the V-lock Teenut does not rely on base load to obtain its friction 
Prip, it may also be used asa stop nut Indentations in base flange 


are welding bosses). 


UNLIMITED VARIETY 


V-lock Teenuts can be engineered in var- 

ious shapes and sizes to suit customer's 
GRIPPING AREA specifications. Can be manufactured in vol- 
ume... in brass, bronze, stainless steel, alu- 
minum, etc,.,. with unified screw threads, 
class 2B, in both coarse and fine thread 
serics. Finishes: zinc, cadmium, chrome, 
— NORMAL CLEARANCE parkerized, etc. to cuscomer’s specifications, 
coe Bolt spins freely into nut until it reaches grip 
> ping area Then, spring action creates strong, 


metal-to-metal wedging force, locking threads of bolt and 
nut together to make assembly virtually vibration- proof 


on 2 Bolt may be removed and replaced many times without 


ae loss of effectiveness in nut. 


EVERY THREAD IS LOAD CARRYING 


- 


The V-lock Teenut is but one of thousands of special purpose fasteners designed 
and manufactured by United-Carr to help speed assembly, cut costs and improve 
product performance. For further information on the V-lock Teenut or for help 
with any other fastening problem, consult your nearest United-Carr field repre- 


sentative or write us for his name and address 


UNITED-CARR FASTENER CORPORATION 


31 Ames Street Cambridge 42, Mass. 
MAKERS OF FASTENERS 





THERMALEZE- 


A PROVEN CLASS “B” FILM WIRE! 


Dielectric twist performance establishes Thermaleze 


as Class “‘B’’. 
Suitable for Class ““B”’ insulation system designs. 


Over seven years’ practical experience in coils, 


motors, and transformers. 


Kssential balance of mechanical, chemical and 


electrical properties. 


Any time magnet wire is your problem, consult Phelps Dodge 


for the quickest, easiest answer! 


FIRST FOR LASTING QUALITY—FROM MINE TO MARKET ! 
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AVERAGE LIFE, HRS. 


AGED DIELECTRIC TWISTS 


Thermaleze vs. Conventional Class ‘‘A’’ Wire 
AIEE Procedure 


105°C + 130-135°C 


<— EQUIVALENT LIFE LINE 


THERMALEZE 


"SAMPLES UNVARNISHED | 


90 100 10 120 3( 5( 200 


TEMPERATURE °C 


NEMA twist samples aged in oven at various 


temperatures following AIEE aging procedures 


PHELPS DODGE COPPER 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 


{VICE CARDS, PRECED 





easy toread... 


4 


THE BRISTOL COMPANY. WATERBURY 20, CONN. 


tact capacitance, less than 15 mmf. 
Under these conditions, life expectancy 

] ul 1 ‘ vc ‘ 
n I-ranye ervo is at least 1OOO hr at LO0 operations per 


ted DC voltmeter with large linear a servo voltmeter, et 


Relay is normally furnished for 


leven ranges from 3 millivolt easy to read, 
(0) volts, full scale. Available also 


mounting in a standard octal tube sock 
fast — adapted et. Other mounting Seca are 

ith digitized output for direct connec 5 ilso available T hie bristol Co Water 
to data translation bury 20, Conn 
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to printer or other digital apparatu 


MOSELEY CO. 
N FAIR OAKS AVE 


SP ig ee re MINIATURE CONNECTION 
HEAD FOR THERMOCOUPLES, 
OTHER DEVICES 


Miniature connection head (screw t pe 


COTO-COM i ee 


k oxide insulated conductor 
makes Stem sizes adaptable to the 


nector head are in 
the Kea team 


The designing of electro- 
magnetic relays for custom 
installations calls for a com- 
bination of highly specialized 
knowledge. Some of the lead- 
ing relay manufacturers know 
they can count on Coto-Coil 
to provide the exact coil for the 
job in the quantity they need. 

Don’t waste time trying to 
solve your o'wn coil problems. 
Let Coto-Coil’s 40 years of 
“know-how” do it for you. 


Send details to 
COTO-COIL CO., Ine. 


63 Pavilion Avenue and '4 in. The unit provides a screw 
Providence 5, Rhode Island type connection between the small gaged 
thermocouple wires and the larger gage 

aie 


lead wires 


et 
. All sizes are made in two models, 
CS - plain and with angle bracket. Operat 

Coto 4 be Coils ing temperatures range up to 500 f 
ss Stress and vibration of the conductor 


is eliminated by transferring the load 


to stem or bracket. Connector fastens 


% ELECTRICAL MANUFAC 





A combination... for relaxation at Home 


Laminated plastics... combination of properties at work 


By 


COMPRESSIVE STRENGTH 


It takes a combination of properties to satisfy many 
of your basic material requirements. Synthane lami- 
nated plastics provide a unique combination of 
mechanical, electrical and chemical properties plus 
ease of machining. 


High-speed reversing clutch cone made of Synthane 
molded-macerated laminated plastic increases productivity 
of automatic screw machines. Synthane meets all the de 
mands of high-speed clutch operation . . . light weight, 
great strength and excellent heot resistance for split- 
second reversing of a positive spindle drive operating as 
high as 3025 rpm and with operating temperature of cone 
going up to 250 F. This Synthane clutch cone provides 
smooth, positive clutch action, is long wearing, and is not 
distorted or deteriorated by the high heat 


Property combinations! Synthane has them... in 
over 30 individual grades... sheets, rods, tubes, 
moldings and completely fabricated parts. Send for 
free illustrated catalog today. 


, LIGHT WEIGHT WEAR RESISTANCE 


SYNTHANE CORPORATION, 17 RIVER ROAD, OAKS, PA. 
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with the type of 
mounting you nee 


Mountings are no problem when you 
select UNION Miniature Relays. You 
can choose from these eight standard 
mountings, or, if necessary, special 
adaptions can be made. 


1. Plug-in mount 
. Single screw mount 
. Center of gravity flange mount 
. Double screw mount 
. Top flange mount 
. Clamp mount 
. Bottom flange mount 


8. Flange mount 


In addition to a wide variety of mount 
ings, UNION Relays are made with a 
variety of other features such as 


Gold alloy or palladium contacts for un- 
surpassed contact reliability 


Gold alloy contacts especially fitted for dry- 
circuitry use. 


Coil resistances up to 10,000 ohms for a 
wide variety of applications 


High vibration and shock resistance avail 
able up to 2,000 cycles at 15 G's and shock 
in excess of 50 G's. 


High life expectancy. Tested through 
1,000,000 operations. 


DC or AC MODELS with identical quality. 


Write for complete information, bulle- 
tin 1010 


» 
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to the stem by a collet type fitting that 
can be easily assembled or disassembled 
at point of installation. Wire connec- 
tions are made under large-headed 
screws. The Marlin Manufacturing 
Corp., 12410 Trisket Rd., Cleveland 11, 
Ohio. 
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HERMETIC MIDGET RELAY 


Measuring | in. sq by | and ‘4 in. 
high, subminiature, hermetically sealed 
relay is said to meet applicable portions 
of MIL-R-5757C. Operating tempera- 
ture, to 125 C with long-life charac- 
teristics at rated contact loads of 2 
amp at 28 volts d-c or 115 volts a- 

Coil resistance range: 50 to 10,000 
ohms. Hook terminals or straight pins 


for plug-in and printed circuit appli 
cations are standard. Relay is available 
in Form A, B or C contact arrangement 
with a maximum of two pole s. Available 
for a-c operation with internally mount- 
ed silicone rectifiers. Hi-G, Inc., Brad- 
ley Field, Windsor Locks, Conn 
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PRESS MOUNT 
SOLDER TERMINALS 


First of a series of three new barbed 
end press mount terminals, Series PM 
press mount solder terminals do not 
require riveting or “Waring They are 
designed to be press mounted into snug 


holes in all kinds of material, including 


‘ 


j,” 


LA 


/ D | 
ty 


_ 
+ 
A 


6 ELECTRIE 





laminates or cast material of “$2 in 
thickness or more 

Once inserted, Series PM terminals 
have great holding power and will not 
come loose under extreme shock or 
vibration 

Suitable for mounting in blind holes 
or flush mounting in through-holes 
Series PM s1Z¢s correspond to the di 
mensions of the following terminals: 
1724, X2034 and X1558. Cambridge 
Phermionic Corp., 453 Concord Ave 


Cambridge 38, Mass 
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SNAP-ACTION 
THERMOSTAT 


Designed for appliances requiring posi 
tive snap-action at a predete rmined tem 
perature, the Uni-Therm thermostat will 
“remake” with a predetermined dif 
ferential. The quick thermal response 
of the device makes it suitable for heat 
control on air conditioners, room 
heaters, coffee makers, broilers, hot 


vater heaters, and other appliances 
Metal-to-metal contact with the heated 
irface minimizes the differential be 
Iween operating ind bimetal tempera 
tures 
The thermostat can be obtained in 
any calibration up to 550 F. It has a 
rating of 1500 watts on 115 or 230 
volts with limited d-c ratings. Westing 
house Electric Corp., P. O. Box 2099 
Pittsburgh 30, Pa 
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PUSH-PULL REMOTE CONTROL 
DEVICE USES BALL BEARINGS 


Ball-bearing push-pull control is said 
to provide high efheiency under heavy 
loads. Roller bearings provide friction 
free movements of a stainles steel 
blade in flexible tubing No lubrication 
is required 

\dded advantage since a solid steel 
blac transmits the load back pla h 
especially alter repeated cycling, 1 


held to a minimum. The control finds 


SELENIUM RECTIFIERS 
fitted to your application 


1. “SELENIUM SLIMS” in five ratings 
ranging from 1.25 to 20.00 milli 
amperes and maximum peak in 
verse voltages from 36 to 9360 
with condenser input filter. Avail 
able in diameters from 14" to 14 


2. POWER RECTIFIERS with solid stack 
assembly range in size from 1” x 
1” to 5” x 6”, and with convection 
cooling are rated from .80 to 10.0 
amperes per cell on a single 


phase full-wave bridge basis 


3. SPECIALLY DESIGNED COMBINATIONS of 
standard UNION selenium rect 
fier cells range in size from 1%” 
to 4,” diameter rated from 2.5 to 
40.0 milliamperes per cell on 
a single-phase full-wave bridge 


basis 


Our engineers can help you in designin 
the best rectifier for your application 
Write for catalog 


Years 


1881 1956 


OF EQUIPMENT AND SYSTEMS ENGINEERING 


UNION SWITCH & SIGNAL 
DIVISION OF 


AIR BRAKE COMPANY 
PITTSOURGH 18, PEMMETIVANEA 





IN EW ! 


LOW-COST MIRACLE FABRIC 
rei. Ft €2€nars 


Another Fabric First in . 


for Free Sample 
and descriptive 
Bulletin. 


FE6-13 


The Felters Co. 


240 South § 


Name 


Company 


Address 


City 


t 


Hie 


Unique, all-purpose non-woven 


fabric you can put to profitable use 


Felters has combined a variety of fibers 
wool, rayon, cotton, dynel, nylon and 
dacron — 


with a resin (thermoplastic) 


binder. Result: a felt-like fabric with a 
tremendous range of fiber combinations 
— using different diameters, lengths and 


gravities 


The thermoplastic binder has two big ad 
vantages: (1) AllFab will hold any em 
bossed pattern, actually gives dimension 
to a design; and (2) it is possible to elec 


tronic ‘'stitch"’ 


or heat seal, eliminating 
sewing. These features open a new realm 
of uses as low-cost filler and backing for 
plastics and upholstery, and for creating 


new packages and box designs 


Better 


will be glad to furnish samples and tech 


yet, you name it! Felters 
nical advice to help you save money with 


this low-cost AllFab 


One of the NEW family of felts .. . 


MiraFelt ' 
Dynel-Mat 
Unisorb ! 


MX-101 


AllFab 
Cut Felt Parts 


Manufacturers of Felt and Felt Products 


applications where excessively high and 
low temperatures prevent use of lubri 
cated controls 

The control can manipulate loads up 
to 1000 Ib with a stroke up to 8 in 
Controlex America 


Airport, 


Corporation ot 
Hangar 18, Westchester County 
White Plains, N. Y 
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SILICON RECTIFIERS IN 
STUD-MOUNTED UNITS, 
NEW VOLTAGE TYPES 

Addition of a 


mounted | silicon 
800-to-1000-volt 


new group of stud 


power and 


rectifiers 
makes available 
a line of medium power silicon rectifier- 
different 


voltage ranges. 


types 


including 22 types in eight 
Both the stud-mounted rectifiers (for 


bolting directly to a and the 


pigtail units (for wiring into the equip 


ment) are said to have extremely low 


All-welded he: 


possible 


reverse leakage current 
makes 
150 ¢ 


metic seal 


operation 


from 55 to the units can be 


stored at 65 to 
BO ¢ 
With the addition of the higher peak 


inverse 


lemperatures trom 


voltage types, the line 


from 100 to 1000 volts. 


now 


ranges with 


iverage d-c output currents of 300 


milliamp for the pigtail tvpes, and 500 


milliamp for the stud-mounted types 





how this VALE powdered metal part 


solved a very important cost problem: 


Lhe proble mn wa simple but the an 


Che company made filing cabinets. ach drawer 


hown above And thousands of filing cabinet 


thousands of these part 


The problem: How to produce the part —with the 
close tolerances needed because of 


eost pecomin 


y prohibitive 


A YALE* powdered meta 


| 
hape was no obstacle ber 


And YALK: enginee 


formed the metallurgical mag i! 1\ { the problem 


linal result lensile strength: more 
ciably low than similar machined part 


requires ivery: on schedule, and in t 


powdered 
metaliparts 


YALE & TOWNE 











VION COIL FORMS 


Patents Pending 


A NEW PRODUCT INTRODUCED BY 


CLEVELAND CONTAINER CO. 


Makers of CLEVELITE * ... 
the QUALITY name for Phenolic Tubing. 
CLEVELAND'S NYLON FORMS... 


.are a one-piece precision molded, high temperature form for 
use with threaded cores. 


. eliminate costly assembly operations as they can be had with 
the collar as an integral part of the form. 


. collars are notched to prevent slipping turns, speeding wind- 
ing operations. 


. edges are serrated to provide greater friction when engaged 
with winding arbor. 


. have six internal ribs enabling cores to be pressed into the 
form, eliminating time consuming, hand threading operations. 


. have unique patented chassis lock, eliminating costly mount- 
ing clips. 


resist electrolysis indefinitely. 


. available in all R.E.T.M.A. standard colors, for easy identifi- 
cation ...in certain lengths to fit 8/32 and 1/4-28 core sizes. 


"Reg. U. S. Pat. Off 









THE 


CLEVELAND CONTAINER 


COMPANY 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS - PLYMOUTH, WIS. - OGDENSBURG, N.Y - JAMESBURG, WJ. - LOS ANGELES 


ABRASIVE DIVISION ot CLEVELAND, OHIO 


Cleveland Centeiner Conede, Lid, Prescett and Terente, Ont 


Representatives: 
WEW YORK AREA: RT. MURRAY, 604 CENTRAL AVE, EAST ORANGE, WN.) 

WEW ENGLAND: &. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 NW. RAVENSWOOD AVE. CHICAGO 
WEST COAST IRV. M. COCHRANE CO., 408 S. ALVARADO ST. LOS ANGELES 
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Typical leakage currents: from 0.005 
to 0.2 microamp. Power dissipation in 
free air is 0.5 watt in the pigtail units; 
0.75 watt in the stud-mounted types. 
The silicon rectifiers take up 0.03 cu 
in. of space and weigh 0.07 oz. Auto- 
matic Manufacturing Div., General In- 
strument Corp., 65 Gouverneur 5St., 


Newark 4, N. J. 
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TEFLON SPAGHETTI 
TUBING IN COLOR 


Wide range of sizes of Teflon spaghetti 
tubing can be made in various colors 
for color coding. Advantages include: 
good dielectric strength (500 to 1000 
vpm); low dielectric constant (2.0) 
and dissipation factor (0.0002). The 





tubing also possesses the other  ad- 
vantages inherent in Teflon, including 
suitability for high temperature use 
The spaghetti can be used for instru 
ment tubing, sheathing for several wires 
and for other applications. Pennsyl 
vania Fluorocarbon Co., Inc., 1115 N 
38 St., Philadelphia 4, Pa. 
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SUBMINIATURE TRIMMING 
POTENTIOMETER WITH 
SOLDER-LUG TERMINALS 


Subminiature trimming potentiometer, 
designated Model 130, is equipped with 
solder-lug terminals instead of wire 
leads. Designed for use where wire-to- 
wire splicing is not convenient or 


practical, it| permits wiring direct to 
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Send for the latest Leach Relay Catalog 


your best starting point when selecting any relay. 


CORPORATION | LEACH RELAY DIVISION 





...If it’s dependability you 
want, it’s LEACH you need 


Electronics on the ground . . . in piloted aircraft... 
in high-flying missiles. All are tough challenges, 
and in all three fields cne word looms above all 
others: RELIABILITY. That’s why you find de- 
signers depe nding more and more on LEACH 
when system reliability is vital and components 
must not fail. Every unit leaving our plant... 
whether it’s going to work on the ground or in the 
ionosphere is designed, built and tested to de- 
liver the performance that the job, not merely the 
specification, requires. Behind each unit, and en- 
suring its success, is design and manufacturing 


experience sec ond to none. 





Hermetically sealed 
aircraft relays 








Potted lead 
hermetically sealed relays 


Hi-Seal modul 


packaged cir 





5915 AVALON BLVD., LOS ANGELES 3, CALIFORNIA 


DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA 
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An Alcoa 





Aluminum - 
Fastener : 
- Should be: 
used here 8 - 
| i i 
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\lum | i ‘ 
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<" THE ALCOA HOUR 
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‘ Instrument using soldering, or 
ip-soldering techniques. Terminals can 
be bent at right angles to the body to 


nplify installation. 


Feature of this instrument is its 98 
per cent usable potentiometer range. 
L nit ivailable in |] standard re- 

lanes from 10 to 20,000 ohms, in 
resolution ranging trom 2.0 to 0.02 
per cent, Shock, vibration and accelera 
thor characteristics ire said to be 
excellent. Bourns Laboratories, 6135 
Magnolia Ave Riverside, Calif 
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ALL-METAL UNIT PROVIDES 
VIBRATION PROTECTION 
FOR AIRBORNE ELECTRONIC 
EQUIPMENT 

All-metal lightweight unit mount, 
Model K375, has been engineered for 
vibration protection of airborne elec 
lronie equipment With a natural fre 
quem ol 69 cps vibration isolation 


efliciens WY per cent at 50 eps and 





Hnprove il higher frequen i Met | 
b lex re silic nto «eu hions are nstrue ted 
ol tainle teel and = are aid to be 

iflected = by temperature extremes 
olyvents, oil, sunlight and ozone. In ad 
dition, @ nonlinear spring rate and 
high damping is inherent in the all 
metal construction of the mount. Robin 
son Aviation, In Teterboro Air Ter 
minal, Teterboro, N. J 
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4°— IN. RECTANGULAR 
METERS 


Newly developed 4 


4 in rectangular 


meter permitting maximum length ot 
ile to an aecuracy of | per cent, 
ire now ay tilable Ith ant and d-« models 


Identified as Models 68 and 69, the 


eter ire made for semiflush panel 


mount applications and are supplied 
with or without illumination feature. An 
external zero adjust is provided, Design 
permit bulb replacement or service 
from the tront of the mete ise with 

















THE DANO ELECTRIC CO. 


93 MAIN ST, 





DANO 
COILS: 


to 


Production 


A multitude of coils 
for a multitude of 
applications requir- 
ing coils — Dano is 
keeping pace with 
today’s changing coil 
needs Keep ‘em 
coming” is the Dane 
Motto, and you can 
be sure every coil is 
precision made to 
your exact specifica 
tions. From design 
engineer to the pur 
chasing agent to 
Dano a pertect 
“lifeline” to produc 


tion 


CALL or WRITE 
TODAY, and 
DANO’'S quote will 
he on the way. 


Bobbin Coils 

Form Wound Coils 

Paper Section Coils 
® Acetate Bobbin Coils 


® Cotton Interweave 
Coils 


@ Coils for High Tem- 
perature Applications 


© Encapsulated Coils — 
in either Polyester or 
Epoxy Resins 

Also TRANSIORMERS MADE TO. ORDER 





WINSTED, CONN 
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IF YOUR COMPANY NAME APPEARS HERE... 


There is a FREE 5-amp High Efficiency Germanium Rectifier 
Reserved for your Chief Engineer—Write for it! 
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rectifier for the chief engineers of the 161 companies listed here 
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Kach firm makes a product which may benefit greatly from new 


G-E germanium or silicon rectifier 


Test It Yourself. To prove the superiority of new G-E rectifier 
f he sample unit in your design lab. See the results for yout 


elf. Please send the name of your chief engineer, and mention the 





roduct for which your sample rectifier is desired when writing 
A Full Line Of Semiconductors. G.i. offers a wide line of semi 
mductors for industrial and military circuit See your G-|] en 
onductor Specialist for full technical details. Or, write tod 
(;enera / ectriec Con pany Nf miconductor ict echioy X 8066 
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tronics Park, Syracuse, New York 4jJA3011 Germanium Reciifier 


vi hum power! AMP ra ny 

f 400 volt at rt | } 
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n and forward volt e drop 

excellent efficiency and 
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*TEMPBRAID 


“TEMPBRAID” FOR -90°C. TO + 250°C. OPERATION y 


“9 fa 


A 


Wherever cost pace weight and 


out removal from the panel elec 


production time are a problem trical connections are made at the reat 
Added feature i i small movement 
uch as in electron computor d to be efhcient the | er one 
il ) i Hicien a arpery i 
installations—telemetering equipment , previously used. The new movement util 
and missile and aircraft wiring izes a specially designed alnico magnet. 
Reduced body diameter allows for a 
Pempbraid offers the solution smaller cutout of the panel. Steel cup 
shield is available where magnet 
shielding is necessary 
Iwo mounting stud location ire 
ivailable for special application The 
Hickok Electrical Instrument  Co., 
10541 Dupont Ave., Cleveland 8, Ohio 
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TEFLON TAPE IS ONLY 
0.0005-IN. THICK 


Supplied in continuous rolls leflon 
tape is only 0.0005 in. thick. Applica 
‘ ~e tions include use in ¢« apacitors, trans 


formers, and for both wrapped and 
.\ sintered wires and cables. The thinner 
’ tape is said to give adequate dielectric 
strength with less Teflon area. It is easy 
to handle in wrapping operations, espe 
“TEMPBRAID” cables come in cially on small diameter wires 
Widths from '% in. to 12 in. are 
wrapped to 6 in. OD on 1! x in. spools 
to 30 AWG, These cables are METALBRAID Enflo Corp Route 38 at Airport 


available with Teflon insulated Circle, Pennsauken, N. J 
ele Rede Circle No. 51, Reader Inquiry Service Cards 


conductors with a 5 mil (.005") aA me ae } preceding back cover 
plated copper. This , 

ue ul i) 

koand bh insulated conductors lacing cord, binding 


that conform to MIL-W-1l6878 tee Miata eel trettacta f , POLYSTYRENE 


sich tiie Niaahi le euicihel DE ec o> DIELECTRIC CAPACITORS 
Time 44: | 


cables, Including both fixed and adjustable 


types encased in metal “bath tub” type 


2 to 30 conductors in sizes 12 


wall, or the conventional Ly poe 


cans, line ot poly rene dielectric 
pacitors have been designed principally 
lor equipment mecluadl compute! 
where high pre ion, stability, ins 
tion resistance ind reliabilit 

quired Lhe rdjustalyle iliie Ty pe 
left in) photograph has the 1dded 


idvantage 





A new and better 
variable-phase, single-turn 
precision potentiometer 


CLAROSTAT 


NW 
VARI/ PHASE” 


Pat. Pend 


EQUAL TORQUE AND TRACKING 
IN BOTH DIRECTIONS 


Unique contact design permits microm 
eter tension adjustment at factory 
and assures equal torque and track 
ing in either direction at all times 


NO CLAMPING RINGS 


Simplified phasing—External in 

dependent phasing of each cup 

without affecting the relationship 

of the others—To phase, loosen 

clamping nut, move terminal 

board in desired direction, tight : - 

en clamping nut and it’s done as STANDARD A.1.A. MOUNTING 
Speedy phasing saves time and ’ Mouating per A.1.A.* standards—others 
money. Reduced overall diameter ; available. Meets or exceeds electrical 
by elimination of clamping rings : and mechanical A.1.A. requirements 


Materials selected for lightest weight possible. Design assures highest performance. 
Five sizes available—/7/8", 1-1/16", 1-5/8",2” and 3” diameters 


Another CLAROSTAT first. product of advanced imagineering. 


WRITE FOR 
COMPLETE ELECTRICAL 
AND MECHANICAL CLAROSTAT MFG. CO., INC. 
SPECIFICATIONS. DOVER, NEW HAMPSHIRE 


in Canada. Candian Marconi Co., lid 


, Toronte 17, Ont 
Manufactured under license in Great Britain by 


A. 8. Metal Products Lid 17 Stratton S$t., London W.1, 


Concessionaires for British Commonwealth except Canada 
*Aircraft Industries Associated 
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ARMY ORDNANCE 


AO Cannon lype AQ Series connectors are man 


ufactured under the latest specification pertaining to 
electrical systems for military vehicles and associated 


connectors will 


Are ideal for heavy 


external electrical equipment AQ 
mate with standard “AN 


duty industrial use 


fitting 


[his series is designed to withstand extreme condi 
tions of temperature, morsture dust, vibration and 


hock. Shell material is aluminum alloy with natural 


iidite finish. Insulators are of a special molded resilt 
ent material having high dielectric strength, medium 
oil resistance and will not support combustion. Resih 
ent grommet provides moisture proofing over solder 


terminals 


CANNON ELECTRIC 


1915 


< 
ince 


Me. 


LL) 
Lit fas 13 


be adjusted l',s per cent even afte: 
the capacitor has been installed in the 
circuit. This is accomplished by means 
of an Allen head setscrew 

Stability of polystyrene insures the 
stability of the adjusted value. Capaci 


tors are available in a 


capacitance 
range of from 0.5 to 10 mf and in 
voltage 


volts d ‘ 


ranges of 100, 200 and 400 

Normal tolerance is 1 pet 
cent of the nominal value 

Dielectric absorption is 0.05 per cent 
Insulation resistance at 25 deg C is 
|x 10'* ohms and power factor at 1 
ke is 0.05 per cent max. Temperature 
range is from 55 to 85 C. Condenser 
Products Diy New Haven Clock & 
Watch Co., 140 Hamilton St New 


Haven, Con 
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FOOTSWITCH 


Available with or without floor mounts. 
new footswitch is useful in the opera 


tion of industrial 


machine spot 


welders, magnetic switches, 


stapling 
machines, photo equipment, and similar 
equipment 
Model FH is constructed of all cast 
} 


aluminum. Contact rating is 12 or 25 


amp, 125 volts a-c single pole double 
throw, or double pole double throw (15 
amp). It is also available in a press to 
start. pre to stop (maintained con- 
tact model. Vemaline Products Co., 
P.O. Box 222. Hawthorne. N. J 
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SOLENOID VALVE WITH 
“IN-LINE” CONSTRUCTION 


All control parts of 2-way direct 
noid controlled valve can be rer 
in one small assembly by loosening 
hexagonal nut, and without distur 
the piping. Planned primarily fo 

applications (both pressure and vai 


im) this normally closed valve is avail 
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MONOMOTOR 


4-POLE, Up to 16 Watts 


Extra large oil reservoir permanently 
sealed for LIFETIME LUBRICATION 


ACTUAL SIZE 


Here are the outstanding features of this single bearing motor designed spe- 


cifically for the refrigeration and air conditioning industries and adaptable for 
a multitude of other applications where a long life quality motor is required. 


1. Lightweight— Durable, lightweight metal used in 
construction makes the AM-4 considerably lighter than 


conventional old style models. 


2. All-Angle Operation—Designed for all-position 


mounting, vertical shaft up, shaft down, or any angle. 


3. Interchangeability—W ill accommodate all standard 
brackets and special mountings. 


4. New Positive Oil System—Forced recirculation of 
oil. 25 ce of lubricant completely suspended and uni- 
formly distributed in pure wool and nylon wicks, per- 
manently sealed, to guarantee against oil leakage in use 
or shipment. 


5. Controlled End Play—Special thrust arrangement 
accurately controls rotor end play. 


Send for Complete Performance Data 


Write for the “AM-4 Bulletin’ —it con- 
tains complete information on the design 
features, dimensions, performance, and 
operational data. 


6. Whisper-Quiet— Smooth, quiet Operation assured 
through use of steel-backed precision bored bearing 
inserts, uniform aif Bap, and extremely close manufac 


turing tolerances 


7. Tri-Flux' Design—Greatly increases Starting and 
running torque and improves efliciency Ove conven 


tional small diameter motors. 


8. Uni-Cast" Construction—Gives a rugged, lightweight 
motor that can be manufactured to extremely close 
tolerances, with stator core frame precision die cast in 
one piece, registers are machined concentric to the bore 


to extremely close tolerances. 


9. TWO-YEAR WARRANTY—Here you have a motor 
designed to meet modern demands and to give you out- 
standing performance over years of Continuous service 
free use Your assurance of customer satisfaction is 


backed by Redmond’s full two-year warranty 


The Standard of D per 


COMPANY Inc. 


OWOSSO, MICHIGAN f 2 


i 
REOMOND 
tHe BIG NAME IN SMALL MOTORS ot 





ay: 3 
Ted a BS 


Still greater compactness, ruggedness, reliability, from printed wiring, thanks 
to another Aerovox development, Right Angle Tube Sockets. Ideally suited for 
hand or mechanized insertion in printed-wiring boards. Silver-plated beryllium- 
copper contacts. Easy insertion and withdrawal. Molded materials satisfy 
military or commercial requirements. Designed to meet existing MIL specs. 
Available in 9-pin and 7-pin styles, in the following types: 


TYPE A... 


For general-purpose 
applications, where 
unusual rigidity and 
resistance to vibra 
tion are not important 
factors 


TYPE GB... 


Type A Socket with 
tube shield added. For 
general-purpose appli 
cations under normal 
service conditions 


TYPE AX... TYPE BX... 


For special applica 
tions (military or com 
mercial) requiring 
extra rigidity, high 
strength and maxi 
mum resistance to 
shock and vibration 


Type AX Socket with 
tube shield shell 
added. For special ap- 
plications where extra 
strength, rigidity and 
shock resistance are 
required. 


able in standard pipe sizes from 4 
through 2 in. Having only two moving 
parts, design assures high-speed action 
with short plunger travel. Non-corrosive 
throughout, valve can be controlled by 
a relay or a Micro Switch. Valve can 
be mounted in any position and op- 
erated continuously without harm to the 
valve or the solenoid. Airmatic Valve, 
Inc., 7313 Associate Ave., Cleveland 9, 
Ohio 
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SUBMINIATURE SNAP 
ACTION SWITCH 


Design of BM-12000 series line of 
subminiature snap action switches com 
bines small size with high-current carry 
ing capacity to 10 amp at 115 volts or 
230 volts a-c or 28 volts d-c, inductive 
load. Switch is capable of operating in 
temperatures as high as 350 F and as 
low as 100 F in controlled atmos 
phere. It also has excellent vibration 
characteristics 

Through use of a special rolling 
spring principle, mechanical life ex 
tends up to 10,000,000 cycles. Added 
utility is provided by four terminals 
for wiring double circuits where re 
quired Entire unit is housed in a 


Write for engineering bulletin, and quo- 


tations on any required quantities. 


ae de ; 
PACIFIC COAST DIVISION 
2724 South Peck Road, Monrovia, Calif. 
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on 
let C) ri ad 
engineers 


"TEAM Up” 


with your 
engineers 


IN SOLVING YOUR 


RESISTANCE PROBLEMS 

















Save valuable engineering time .. . team up with 


Ohmite to solve your resistance problems. Ohmite 


ye S 


engineers are resistance specialists . . . they can 
quickly analyze your requirements and recommend the 

’ correct rheostats and resistors to fit your application. 
Years of experience in building dependable resistance 
units... complete design, development and production 
facilities... plus a long record of helping others to eco- 


nomically solve their resistance problems ... are your 







assurance that Ohmite can help you. We invite you 





to submit your resistance problems lo us, & 






{ 


ff 
/ 
OHMITE MANUFACTURING COMPANY, 2613 Howard Street, Skokie 
le of se 
ONES 
with “ e) ol oh ob dl 


RHEOSTATS ¢ RESISTORS © RELAYS * TAP SWITCHES ¢ TANTALUM CAPACITORS 





Ohmite Amrecon relays have proven their 
pon life in years of 
service. Now, pou models — 
DOS, DOSY, DO, and CRU, in 65 different types— 
are available from stock. 
Models DO and DOS fili many industrial needs for 
relay that handles power 
, heavier units. 
to aircraft and mobile 
vibration are 


of 15 amp; 
Model DO, 10 and Model CRU, 5 amp. Available 


in a wide coil operating voltages and 
contact 


ye Oe 
oo Naas 


RHEOSTATS « RESISTORS © RELAYS * TAP SWITCHES 


HIGH QUALITY, ALL-PURPOSE RELAYS... 
RUGGED, DEPENDABLE FOR LONG LIFE! 


Current ratings up to 25 amp, AC or DC. 
Also made-to-order models in many contact 
combinations and coii voltages. 


HERMETICALLY SEALED OR 
DUST-PROTECTIVE ENCLOSURES 











plastics case and can be adapted to any 
present type of actuator. Acro Manu- 
facturing Co., 2040 E. Main St., Colum 


bus 16, Ohio. 


Circle Mo preceding back cover My tensior rens7ion mounted... 
ate vee SNAP-ACTION Fi WAS yas pulled this 


Standard open type snap-action switch 


. a Sa way and that! 


the switeh is available in many combi 
















‘sf 





nations of actuator arm configurations, 























operating forces, and electrical ratings 
to 10 amp, 's hp. Cherry Electrical 
Products Corp., 1650 Deerfield Rd., 
Highland Park, IIL. 
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MINIATURE TANTALUM 
CAPACITORS FOR 
TRANSISTOR CIRCUITS 


Tantalum capacitors, designated Series 
['W Tan-O-Mite, are subminiature units 
-pecially designed for transistorized 
electronic equipment. Tantalum capac 
iters have such desirable characteristics 
is stability, good shelf-life and large 
capacity for a given size. The capacitors 
have a usable temperature range trom 

55 to B85 ¢ 

Three normal sizes available include 
Size A (0.095 x '4-in.); Size B (4% x 













Pititin metal problems and prescribing cures 
a is a job for specialists. Riverside metallurgists are specialists. 


They have the solution to almost any non-ferrous alloy 
46 in.); and Size C (1% in. diam x 14 










in. long). Range of capacitance: from problem you Can name whether it’s tension or temper, 
0.02 to above 30 mf, ; . er 
Cumaclier constwestion conticts of-0 fatigue resistance or surface finish. 
tantalum wire anode, having a specially os . ‘ 
seisidliaedl aati Alin ominataill ta shine Chey are on call for consultation at any time. 


silver cylindrical cup, which is the 


cathode (ne gative ) The case is elec 
trically “live aur has the negative wire THE RIVERSIDE METAL COMPANY DIVISION 
lead fastened to the end rhe case 18 H. K. PORTER COMPANY, INC. 
















filled with an electrolyte and sealed by Riverside, New Jersey s 
i Teflon bushing. Philadelphia « East Orange, N. J. « Rochester, N. Y. m Ed k 
The positive lead wire is radial, Hartford « Cleveland « Chicago « Detroit 


merging from a small plastic embed PHOSPHOR BRONZE AND NICKEL SILVER SHEET, STRIP, WIRE AND ROD 
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SAVE 


on eae development costs 


by using REULAND ELECTRIC'S 


SPECIAL-MOTOR “LIBRARY” 


; ; { 
f MOTOR +810 \ stric Motors > 


r 


Over 900 Different 


CAN BE STALLED OR “LOCKED” WITH 
CURRENT ON without damage. This 
torque motor automatic ally adjusts 
to intermittent load changes, yet 
Maintains constant power. Avail 
able in locked service duties of 5%, 
10%, 250%, 500% and 100% with 
maximum stalls of 5, 10, 20 or 60 


\ minutes, or continuous stall 


MULTI-SPEED MOTOR operates at dif 
ferent speeds as desired. Availabl 
in 2, 4 or 4-speed ratings in the fol 
lowing types 
Constant lorque Constant torque 
regardless of motor's speed 
Variable Torque For loads that 
maintain their own momentum 
VC—_—muuum,, Constant t1..—Consant H.P. even 
MOTOR +617 at reduced motor speed 


WAFER-THIN, AIR COOLED, TOTALLY 
ENCLOSED. Originally designed for 
ventilation and air moving installa 
tions where it could be direct-con 
nected to the fan within the piping 
or vent. Direct-fan attachment elim 
mates pulleys, belts, brackets and 
fan shaft. Can also be supplied in 
open type for mounting out of air 


Be se aa stream 
MOTOR #402 


HIGH STARTING TORQUE ON LOW 
STARTING CURRENT, plus variabl 
speed are offered by the Slip Ring 
motor, Often permits using regu 
lar current for getting heavy loads 
up to full speed. Cranes, heavy fans, 
printing presses and crushers are 
typical uses. Available separately or 
with single or double reduction 
Kear reducers 


UE LMU E MSS eM EL ea 


Re Me Ome a ue ee 
the Reuland SPECIAL-MOTOR LIBRARY. Reuland’s revolutionary 
UMS meme mets 
ee ee ee 
PU mem 

Um ete eC Me eee 
motors. Free engineering literature will be sent upon request 
Oe UU eer ee CUD) 


REULAN ELECTRIC COMPANY 
Distributors In All Principal Cities 


Western Division: Alhambra 32, Calif. — Eastern Division: Howell 32, Mich 


ment which protects the tantalum lead 
and the welded joint. The wire can be 
bent readily to an axial position when 
both leads are desired this way. Capa 
itors are aged under operating condi 
tions. They are tested 100 per cent tor 
capacitance, power factor, and d-c leak 
age current. Ohmite Manufacturing Co., 
3613 Howard St.. Skokie, Il 
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EPOXY EMBEDDING RESINS 


New family of epoxy resin systems, 
designed for a wide range of electrical 
insulating applications, is marketed 
under the trade name “Randac.” Appli 
cations include coating and encapsulat 
ing, as well as use for electrical insula 
tion on transtormers, resistors, rectifiers, 
capacitors, transistors, and other com 
ponents; sealing such parts as capac 
itors, resistors, and rectifier into metal 
ceramic, and plastics cases; and cast 
embedding electronic parts and = as 
semblies 

The three main types of available 
epoxy resins are designated K-4060 
R-4059, and R-4053 

(Grade R-4060, basically a casting or 
embedding resin, is said to be charac 
terized by excellent electrical properties 


at elevated te mperatures, ¢ ombined with 


@e® “ 


ease of handling. It is asserted that R 
1060 exhibits nearly constant values for 
volume resistivity, loss or dissipation 
factor, and dielectric constant from 
room temperature to 130 C (276 | 
In addition this resin has excellent 
moisture resistance, is said to be cor 
rosion-proof, and cures in 3 to 6 hr to 
a rigid, stable state, remaining rigid at 
temperatures of nearly 300 | 

This resin can be poured at room 
temperature or at temperature up to 
170 F, maintaining the fluid state 2-3 
days at room temperature and for sev 
eral hours at 170 F (long bath life 

A second type, R-4059, is a 100 per 
cent reactive mineral-filled thermo 
setting liquid designed for room-tem 
perature application which, in the cured 
state, is semiflexible. Used for embed 
ding or sealing electronic components, 
R-4059 exhibits” excellent idhesion, 
good moisture resistance, and excellent 
resistance to thermal shock 

The relatively low viscosity of the R 
1059 permits easy pouring of castings 


and ready release of bubbles. R-4059 
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That fastening failure... 


maybe an Inco Nickel Alloy will prevent it 


You can be sure of one thing. extra wear resistance 


Recurring failure 


()y Ve rmanickel 
h iden alvle 


onductivit ine 


of a metal fasten hivh-« 


ing in an electrical device has a cause nickel 


a cause you can track down and 


Then there are Inconel*® nickel 


usually de sign out, elu ripbuiey allo lo 


sat high ter 


retain high propel 
Maybe it’s corrosion. Or thermal peratures, take therma 
shock. Or relaxation. Or metal faticur 

Or wear. Or inadequate conductivity alle oes CVE! 
of hazards which ion and relay 
tressed to 


in the LOOO | 


if dozens 
dont 
Alloys do. 
Monel* nickel-copper alloys, for «» sa sal 
Compal ill ‘ All 


plus unique resistance to aug ; binne 


yr my one 
f . | ( I 
th ‘ (Hf 1) 


Inco Nickel 


ordin ify 


OVeEeTCOTL and 


Purge 


bet tt 
ample, provide physicals 
to steel 
corrosive fluids and gas kasy work 

ing qualities too by wher 


i\ the Wi rad, 


The INTERNATIONAL NICKEL COMPANY, Inc 


Consider free-machining “R’’ Monel’ 
alloy : with superior resistance to 
fativue. Or “KO Monel® alloy... . for 


MONEL" * “R MONEL * “'K MONEL * “KR’’" MONEL * “’S MONEL 
INCONEL® * INCONEL ’X"’" * INCONEL “W’"" * INCOLOY” * NI-O-NEL 
NIMONIC™ Alloys * NICKEL * LOW CARBON NICKEL * DURANICKEL 


PeaGt mate 


READER INQUIRY SERVICE CARDS, PRECEDING BAt 


kK” Miconne I 


, 
Phenolic ¢ orp 
tral 


Resists fatigue at 800 F with” 
alloy. These Amertean 
connections provice water-tight, ga 
electrical tions for ameralt 


They don't 


corrode or rust 


Perminal bolts, 
tected by 


nuts and “prings pro 
Monel alloy 
heat and cold dont 


Sulfur-laden 
iliie phic re duanuipane ‘ 


iffeet thi peur Monel parts thistire post 


tive signal wma switching respotise in the 


ran port Products ¢ orp rela 


Latremes of heat and cold don’t affect 


wire termination deviees made of Ineo 


el Allo 
re ipplied pon thee 


by Seeger- William live 


plant ith pecial 
ol inn the repair hop tit standard 


terminal plie rm 


“trong Monel rivets 


hold bimetal ele f 
ments firmly and in 
ure accurate response ‘ 
churacteristy ins thee 


bidison Therma 


amid ‘ 
aid in producin 
unit on i low re 


et basi 


Monel Rivets ~__ 


YN : 
INCO. Nickel Alloys 





Aircraltsmen use epoxy compounds 
in huge tools, tiny parts 


ea iianlll, s of product size, standards of accuracy and 
dep ndability must be kept high Here are two examples 
from the aircraft industry—both using Bake.rre Brand 
Epoxy Resins. You can apply these materials either to fast 
low-cost tooling or to the improved construction of a deli 


cate electrical assembly 


i poxies are just one group of plastics and resins produced 
by Bakelite Company for electrical and mechanical appli- 
cations. Finding the material best suited to your needs is 
urer and simpler when you work through this one con 


venient source backed by 46 years’ experience in plastics 


tec hnology 


This accelerometer, shown in actual size, is part of the 
fire control mechanism in high-speed military aircraft, meas 
ures rate of velocity change. Encapsulated in compounds based 
on Bake.rre Brand Epoxy Resins, it’s hermetically sealed 
against thermal and mechanical shocks. Vertical white lines in 
cross section are thousands of fine wire windings that form 
cylinder walls, firmly embedded in epoxy Compound was for- 
mulated by Rezolin, Inc., for Ram Meter Inc., Ferndale, Mich., 
so that thermal expansion ¢ haracteristics would match those of 
assembly's working elements. (Right) Testing vibration charac 

teristics of accelerometers at the Ram Meter Factory 


Compounds used in both of these applications are supplied 
by Rezolin, Inc., Los Angeles 45, Calif 





Probably the largest plastic tool ever made, this maste: 
gauge checks alignment of the entire upper front window area 
on the Lockheed Hercules C-130, first U. S. turbo prop tran 

port. Pressurized fuselage demands tight, accurate fit betwee1 
sections. Gauge shell is laminate of glass cloth and Rezolin 
Handled a 


liquids these compounds are readily formed at room tempera 


compounds based on Bake.ite Epoxy Resins 


ture and harden with minimum shrinkage, excellent dimen 


sional stability, and great strength 


See BAKELITE’S exhibit 
booths #809, 613, 617, 825 
National Plastics Exposi 
tion, June 11-15, 1956, New 
York Coliseum, New York 


Cy 


es Pi 


te) OM 


BAKELITE COMPANY 
4 Division of Union Carbide and Ce 


10 Kast 42nd Street, Ne York 17, N.Y 


rporation UCC! 


Phe term Bakexrre and the Trefoil Symbol 


are registered trade-marks of UCC 





America’s Finest 


COLLET-FITTING KNOBS 


Dalohm design permits positive locking on all standard shaft di 
ameters full r nd aetiee 1 with no damaging effect so frequent 
found when usin ‘ crew t pe knobs 

FIVE SIZES Ye" —1 Wg" — 1%," — 2," —3 


COLLETS INTERCHANGEABLE. Accommodate all shaft sizes from ! to 


- 


Precision cast of thermo setting plastic in easy grip shapes 

Match moder tyvii 

Knobs fit concentrically on shaft and can be positioned 

mcuratel and easi on full 360 radiu 

Standard pointers and indicators available 

’ imminum dial three basic t pe in four sizes 
brated 0 100 and 100-0 in 180° and 270 
tation. Also plain dials for special applications 

or marking 


Highest qu ility at lowest price 


Write for Bulletin K-29 
DALE PRODUCTS, INC. 


Phone 2139 
1306 28th Ave., Columbus, Nebraska, U.S.A. 


lacing tapes for every purpose 


Gudebrod Lacing Tapes are easy -tostiéy easy on 
the hands, Knotetieséeurely—stay put! 


AMELIE. vs cen choke 


nylon wax-coated lacing tape. 


GUDELACE-H asters 


easier to handle, no slipping, fungus and flame 
resistant. 


NEW TEFLACE oe ine 


advance in tapes, coated with DuPont Teflon, to 
withstand extreme temperature conditions. 


» 


WRITE FOR INFORMATION 
AND TRIAL SUPPLY TODAY! 


GUDEBROD BROS. SILK CO., INC. 


Electronics Division Executive Offices 
225 W. 34th St 12 S. 12th St 
New York 1, Philadelphia 7, Pa 


can be cured in from 2 to 4 hr by bak- 
ing at 75 C (167 F) 

Thermal shock resistance is said to 
be excellent throughout a broad tem 
perature range, from as low as 65 to 
approximately 150 C. Adhesion to most 
metals, ceramics, and plastics is also 
excellent, vet ood release of castings 
from plastic or rigid molds is obtained 
with the use of silicone agents 

The third type of Randac resin is 
thermoplastic until cured, so that it 
can be molded without a mold, poured 
or used in a variety of dip-coating op 
erations. Designated R-4053, this ma 
terial is a 100 per cent solids resin pos 
sessing high dielectric strength good 
moisture resistance, and withstanding 
thermal shock 

Dip coatings can be applied in usu 
ally a matter of seconds. After applic a 
tion R-4053 is converted to a tough, 
infusible state by a single curing opera 
tion 

Principal applications of R-4053 in 
lude coating and encapsulating trans 
lormers, resistors, rectihers, capacitors 
transistors, printed circuits, and other 
units ind cast embedding electronic 
parts as well as assemblies. Most of 
these applications do not require the 
ise of a mold of any kind. Mitchell 
Rand Insulation Co.. Ine »| Murray 
St.. New York 7, N. ¥ 
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SOLENOID-CONTROLLED 
HYDRAULIC DIRECTIONAL 
VALVES 


Improved line of solenoid-operated and 
olenoid-controlled, pilot-operated direc 
tional valve designed { indust 
oil-hydrauli 


ons, eliminatin need 

separate conduit box. Valves are 

ivailable for gasket or subplate mount 
ing 

Features include n override plung 

ind a olenoid cove ‘ un I he over 

ride plunger permits m ial operation 

of the valve durin etup operations 


current 





NEW Size 8 servo combination 
rivals Size 9 performance 


Here, no bigger than your thumb, is the smallest prac- 
tical servo control motor currently produced. Com- 
bined with Transicoil’s new Size 8 motor driven 
induction generator, and powered by a new completely 
transistorized servo amplifier, this motor offers you 
the unusually high torque-to-inertia ratio of 28,000 
radians /sec 

Compared with a Size 9 control motor—until now, 
the smallest practical unit available—Transicoil’s new 
Size 8 measures only 0.75 inches in diameter, 10% 
smaller, and weighs only 1.4 oz., 40°. lighter. Yet it 
operates on standard voltages from 26 to 52 volts, and 
52 volts with center tap, at 400 cps, permitting push 
pull transistor application. 

Hence, just as Transicoil’s introduction of plate to 
plate wiring eliminated the transformer, once neces 
sary in servo systems, the Size 8 units and transistor 
amplifiers mark another milestone in miniaturization 

This is just one more example of how Transicoil can 


Size 8 Motor Driven Induction Generator 


and Transistor Amplifier. All nits of the 


Size 8 system have been designed for 


maximum performance if minimum 


space 


solve your control problems whether they involve 
miniaturization or control complexity, and go on 
to manufacture systems and components of the 
utmost precision and accuracy. You pay only for 
results—on a fixed fee basis for equipment deliv- 
ered and performing properly 

Technical data on the new Size 8 combination 
and the transistorized amplifier is yours for the 
asking. But you'll end up with a better system if 


you write outlining your servo control problem. 


 TRANSICOIL CORPORATION 


Worcester, Montgomery County 


Pennsylvania 


25% 





a Cmall 


anit) Motors 


drive counters in new Hycon digital instruments 


Direct-reading, 3-digit display gives quick, accurate data for users of 
the new Hycon digital voltmeter, shown below, and its companion 
instrument, the Hycon digital ratiometer. To drive these count- 
ers, Hycon Mfy. Company selected high-torque Barber-Colman 
BY AE reversible motors designed for control by electronic cir- 
cuits with impedance coupling. Low-inertia rotors permit fast 
reversing and 

follow uy Just 

another example of 

how Barber-Colman 

supplies the right 

motor for the job! 


the complete line of Barber-Colman motors includes unidi- 
recuional, synchronous, and reversible motors up to 1/20 hp. 
With and without reduction gearing open or en ae 
closed types. Expert engineering service available to j 
help you get the exact motor for your application 


Write today for free copy of new Catalog F-4271-0. 


Barber -Coiman Company 


DEPT. F, 1203 ROCK STREET, ROCKFORD, ILLINOIS 


Small Motors «Automatic Controls.!ndu | instruments «Aircraft Controls.Air Distribut 


[ on Products 
Overdoors and Operators «Molded Produ ( ry ools «Machine T« 


- Textile Machinery 
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valve and a directional valve in a 
“sandwich” type unit. Many valving 
modifi ations are available to make pos- 
sible combinations suitable to almost 
any directional control requirement. 
DG-5 valves are available as four-way 
units for %4 in. and 144 in. nominal and 
piping sizes. They can be obtained as 
single-solenoid spring-offset models o1 
with a double-solenoid no spring or 
spring centered design. Spool types 
may be open, closed, tandem center, or 
other combinations and modifications 
Solenoid-operated units in the new 
series are the DG-4 models. These are 
available as two-way or four-way units 
in 44 in. nominal size for 4 in. pip 
ing size, also in '4 in. nominal size for 
4. in. piping size. Spools are obtainable 
as partially open, open, or closed center 
types. The arrangement may be double 
solenoid with a no spring or spring cen 
tered valve, or it may be a single 
solenoid with a spring offset valve 
Solenoids provided with the new d-« 
series valves are for 115-volt, 60-cycle 
a-c service. Solenoid inrush current is 
approximately 3.2 amp maximum; hold 
ing current is 0.6 amp maximum for the 


1. in. and %4 in. nominal sizes. For the 


1, in. and 1'4 in. nominal sizes the 
solenoid inrush current is approxi 
mately 7.5 amp maximum; holding 
current is 0.84 amp max. Vickers In¢ 


115 Oakman Blvd., Detroit 32, Mich 
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SILICONE RUBBER 
COMPOUNDS SUITABLE FOR 
ONE-STEP-THICK 
SECTION CURING 


Two new silicone rubber compounds 
which fabricators can use for rapid 
one-step thick section curing are now 
available in commercial quantities 
Known as “Union Carbide” K-1025 and 
K-1028 silicone rubber compounds, they 
come in neutral or red color. Designed 
for general-purpose use, K-1025 and K 
1028 meet or exceed Aeronautical Ma 
terials Specifications (AMS) and spe 
cifications of ASTM 

Both compounds have very low com 
pression set, making them suitable for 
refrigerator door seals, or heat- and 
cold-proof motor mounts, and other 
equipment. Since this property is it 
herent in the gum, no toxic additives 
ire used in these compounds 

Phe compounds can be used for rapid, 
one-step thick section curing with the 
new catalyst, di-tertiary-butyl peroxide 
(DTBP). K-1025 has a 50 Durometer 
hardness; K-1028 has a hardness of 80. 
Compounds with intermediate hardness 
of 60 and 70 can be prepared by the 
fabricator by blending different quan- 
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gineer from Continental Screw Co. ... 


“a 


... guarantees you 24-hour service 
on all 17 types of self-tapping screws 


Having trouble getting deliveries? 
Talk to the Engineer from Continental 


ontinental offers you the largest inventory 
- of tapping screws in the country. And this 


is backed by the most complete line of tapping 


screws. Only Continental makes all 17 types of 


thread-forming and thread-cutting screws. It is 
part of their 2,118,000 screw styles and sizes 
available for 24-hour delivery. 

This vast inventory, combined with Conti- 
nental’s top position in the design and produc- 
tion of special fasteners, guarantees you faster 
service and a top-quality product. 

It will pay you to discuss your needs with 
Continental. Their design engineers and pro- 


duction specialists offer you the benefits of 


over SOQ years experience and know-how. 


READER INQUIRY § : CAKD PRECEDING BACK COVE! 


Only Continental Engineers 
Are Required To Have This Training 
Each engineer at Continental is required to undergo thorough 
experience producing ground thread taps and gages, with their 


exacting screw thread dimensions. This special training is 
passed on to you—at no extra cost. 


Continental Screw Co. 


Manufacturers of Holtite Fastenings 
New Bedford, Massachusetts, U.S.A. 





TURBOTUF 
INSULATING 
TUBING 


HERES, WHY: Turbotuf, a fibrous 
glass braid, with a highly flexible, 


winyl coating, makes 
ee ont as out-dated as 
the crystal set. offers properties 
far beyond onyhae ‘gld-fashioned 


insulating tubing can achieve .. . 
and does so at no extraiedst to you! 


Brand, the only manutottees of 
vinyl coated glass tubing and ex- 
truded plastic tubing and plastic in- 
sulated wire, has, in its successful 
efforts to meet various U/L and gov- 
ernment specifications, formulated, 
ape: es modified and evaluated 
“ab vinyl compounds and 


ee. 


This uniqu exclusive research 
and manufa experience has) 
resulted in TURBOTUF, which, briefly. 
described, is flexible, tou 
cal and moisture resistant, w 
support combustion, has e 
thermal properties and diele 
strength, won't fray when cut. 


Complete, authoritetive and factual infor- 
mation mailed upon request. 


Write today for Bulletin TT-101, include 
specifications if quotation is desired. 


WILLIAM BRAN > 


tough, ae 


tities of K-1025 and K-1029. Union 
( arbide & ( arbon ( orp Silic ones Div ° 
4) FE. 42 St., New York 17, N.Y. 
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GEARMOTORS IN 1-60 
HP RANGE 


Gearmotor line is available in both 
and d-« models in ratings trom 1 
through 60 hp Iwo-way seals lock oil 


in. and seal dirt out, so that the gear 


motors may be mounted in virtually any 


position Without o 

hardening provides extreme! 
tooth urlaces on. toug illoy 
years ifflording trength and ‘ 
istanee Available j i wide selec 
mountings enclosure ind ratios 
liance Electric & Eng eermge Co 
Ivanhoe Rd. Cleveland 10, Ohi 
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FABRICATED STEEL OIL-TIGHT 
ELECTRICAL WIRING BOX 


Particularly suitable for use with flex 
ible. liquid-tight: electri or 
duit. Model 402 is a ne mall oil-tight 
heet metal wiring boy 

in. long x 2 in. wide 


cover has a neoprene 


vated cover rews thread into blind 
holes in the box. Two mounting feet are 
spot welded to the box All seams are 
welded The material is 14 gage steel 


The box is finished with a baked enamel 
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New trends and developments 
in designing electrical products... 


Why General Electric Magnets clad in die-cast aluminum 


sheaths offer important design and cost advantages over 


the conventional methods of fabricating magnetic assemblies 


HE MAN in the picture below is 
ae a section of a radar 
magnetron tube magnet from a plece 
of equipment that goes by the im- 
posing title of “Lester-Phoenix Hori- 
zontal Cold Chamber H-HP-3X 
100-Ton Die-Casting Machine.” 


This machine is in our Edmore, 
Michigan, magnet plant, and its sole 
function is to cast aluminum sheaths 
on General Electric Alnico Perma 


nent Magnets 


These alclad magnets offer design- 


ers seven major advantages ove! 
conventional methods of fabricating 
magnetic assemblies 

1. Die casting strengthens the mag- 


net structurally 


2. Whole 


igned and 


asse mblies Can be de- 
built as a_ single 
package,” speeding the final as- 
sembly job at the plant 

Design of mounting arrangements 
is simplified because pins, hol 
and screws can be cast into the 


sheath, instead of the magnet 


Responsibility for the entire as- 
sembly is centered in a single 


source, simplifying purchasing 
procedures, and eliminating costly 
in-plant assembly operation 

. Complete magnetic assemblies 

can be purchased premagnetized 

and/or pretested 

Die casting provides a consistent 

more attractive finish for appli- 

cations where appearance is im 

portant. 


Die casting is a convenient, low 


cost mass-production technique 

for magnetic assemblies that 

eliminates the problem of attach- 

ing crystalline cast magnets to 
other components 

The following examples will illus- 

trate how these advantages can be 


turned to practical use. 


READER INQUIRY SERVICE CARDS, PRECEDING 


Figure 1 is a relay drag magnet 
assembly, typical of those used in the 
meter and instrument industry. Be 
fore the manufacturer switched to 
this casting, it was necessary to cast 
a magnet against a piece of steel, 
bend the steel into the prope! shape s 
and weld the ends togethe1 


Figure 1 


Now, howeve1 magnet mounting 


pin, and steel return path are a 


sembled in a_ single operation 


) 


eliminating the difficult 3-stage fab 


embly one ol 


handled by the 
illustrates the 
versatility 


rication job. This a 
the most complex 
die-casting machine 
equipment s tremendou 
Figure 2 is a generator rotor, con 
sisting of eight G-E Alnico magnet 
held in position on a camshaft by 


the cast-aluminum matrix 


Figure 2 


The casting supplements the strength 
of the magnets (which are subjected 
peeds) And it elimi- 


grinding a 


to high rotary 
difficult 


and banding operations 


nates sembly 


tube 


some idea 


The four radar magnetron 
magnets in Figure 3 give 
ol the 
machine is 
smallest 
weighs only 1 lb 


wide range of sizes the 
capable ol handling The 
(bottom right) 


while a quarte: 


magnet 


ection of the largest magnet weighs 
nore than 11 Ibs 


A 


(ie & 


Figure 3 


heath improves 
tability b 


direct contact between magnet ul 


Here the aluminum 
magnets preventing 


{ 


lace and steel object: In addition, 
the mounting brackets cast in the 
heath insert normally 


which 


tructure 


( liminate 
cast in the magnet would 


weaken its energy and 


Aluminum heathed magnet are 


often far le expensive than con 
entional magnet especially on 
long production runs. And, in many 
cases where the unit cost of 

clad magnet j higher the tre 
gained by die 


than offset the 


nendou ad antage 
casting have more 
price difference 

The one best way to find out 
feasible 
to check with 


a General Electric Magnet Enginee1 


vhether or not die casting i 


on your application, i 


You can do thi or obtain in 


lormation on any 


other problem in 
the realm of permanent magnet 

by dropping a note to: Carboloy 
Department of General Electric 
11131 E. 8 Mile Ave 


M iu h wan 


( oTmnpa ny 


Detroit 32, 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


BACK COVE! 





wound 
cores 


THOMAS & SKINNER offers 4 mil 
and 12 mil tape-wound cores for 
transformers, reactors and filters, 
The 4 mil is particularly recom 
mended for 400-cycle applications 
at flux densities of 15,000 gauss 
and higher. The 12 mil is de 
signed for OO-cycle applic avions 

All T&S tape-wound cores are 
magnetically inspected at a flux 
density of 15,000 gauss. Magnetic 
inspection at other densities will 
be made on request 

Besides complete assurance of 
quality and specification conform 
ity, [T&S offers its highly qualified 
engineering assistance based on 
more than 5O years experience in 
the magnetic materials industry 
to help you select 
the core best suited 
for your applica 


W rite today for 
Bulletin WC.456 


Specialists in magnetic materials 


THOMAS « 
SKINNER, Inc. 


1114 E. 23rd St., Indianapolis 7, Ind. 
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grey hammertone over a phosphatized 
surface. Hoffman Engineering Corp., 
1302 Tyler St Anoka. Minn 
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GENERAL-PURPOSE SILICONE 
RUBBER COMPOUND MEETS 
MILITARY SPECIFICATION 

General-purpose silicone compound, X 
LOS4K i 


of Aeronautical Materials Specification 


aid to meet the requirements 


S401B. In extensive tests and in actual 
use, X-1034K has shown excellent re 
istance to high temperature very low 
COMpression set ind low moisture pick 
up. kase of handling is another ad 
vVuanlape 

X-1034R is a red-colored, 40 Duro 
meter hardness material. It can be 
molded, extruded or calendered with 
conventional or special catalysts. With 
di-tertiary-butyl peroxide (DTBP), it 
has been found that X-1034R can also 
in itistuctorily used for thick sections 

Cured properties include 


Hardness, Shore A 

Tensile, psi 

hlongation, per cent : 
lear (Ib/in. Die By 60 


The compound Is available im 20 and 


O-lb cartons. It normally is shipped 
uncatalyzed, so the fabricator can select 
the catalyst best suited for his purpose 
It can be supplied in catalyzed form 
on special order, Union Carbide & Car 
bon Corp., Silicones Div., 30 BE. 42 St 


New York 17 N.% 
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THERMISTOR TEST KIT 


Phermistor test kits. available in three 
sizes, include representative units in a 
wide range of resistances, temperature 


coethcients and sizes. Mountings and 


stvles included in’ the sets inelude 
maker's wafer thermistors in addition 
to bead, bead-in-probe and bead-in-can 
elements. Data supplied with each kit 


DESIGN HELP 


Kuhn ond Jacob specializes in 
the compression molding of 
thermosetting plastics 


Write for Free Catalog 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8,N.J. 


Represented by 
5. C. Ullman 
55 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Wm. A Chalverus 
Carson Road, Princeton, N. J. 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 
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Enjay Butyl rubber— 


vital artery in newest airliners 


Douglas chooses Enjay Butyl for rubber components of the hydraulic 
systems in many of its famous DC-7 airliners. ‘These components, which 


help assure the dependable operation of everything from wing flaps to 
landing gear, are proving over millions of air miles their durability 
and resistance to wear. 


Versatile Enjay Butyl rubber may well have a place in your operation. 
It will pay you to investigate the many technical advantages it has 
over other types of rubber. Its price and ready availability are advan- 
tages, too. For full information, and for technical assistance in the uses 
of Enjay Butyl, contact the Enjay Company today. 


Pioneer in Petrochemical 


ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N. Y. 


Other of fice Akron + Boston « Chicago « Los Angeles « Tulsa 
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ontinental wire 


Toast—but not toasted wire. It's in “hot spots’ like these that 
Continental's insulated, heat-resistant wire serves long and faith- 
fully. Manufacturers, dealers and customers alike can be sure of 
top quality product performance year after year where the 
wiring is Continental heat-resistant, moisture-resistant insulated wire. 
For standard applications or special tough wiring problems, your 


Continental wire and cable specialist can help you. Write today. 


ADDRESS: Continental Sales, Box 363, Dept. CWS-20. 
Wallingford, Conn. Phone COlony 9-7718. 


innit 
4 


yyy) 


HIGH TEMPERATURE POWER CABLE 


High Temperature Power Cable avail tion, glass braid. Silicone impregna- 
able in sizes 18-+4/0 AWG inclusive tion and finish. 

200° C.Maximum Operating Tem- 

perature. A solid or stranded con- Ideal for wiring motors, infra-red 
ductor of copper, nickel, monel or ovens, furnaces, etc.,... the right 
nickel clad copper, asbestos insula- wire for extremely high temperatures. 


ontinental 


WIRE CORPORATION 


WALLINGFORD, CONNECTICUT © YORK, PENNSYLVANIA 


covers methods for designing thermistor 
temperature-correcting networks as well 
as curves, suggestions on applications 
of thermistors, and other engineering 
information. Thermistor Corporation of 
America, Metuchen N. J 
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TABLE-TOP 
REPRODUCTION MACHINE 


Pable-top diazo reproduction machine 
primarily designed to provide repro 
duction facilities for small engineering 
firms or departments—is known as the 
Model 300, Features 0-in. printing 
width lop mechanical speed ot 6 itt 
per min; variable speed drive 

with J00,000-hr  life-rated selenium 


rectifiers; 1200-watt quartz lamp with 
34 in, active fength; and a 12 in. x 30 
in. rear delivery tray. Model 300 op- 
erates on 115-volt, 60 evele, a- 

The machine is a self-contained unit 
needing only an electrical connection 
lor operation; it dues not require any 
vents, darkroom facilities, or auxiliary 
equipment. Exposure and development 
are automatically synchronized; a 
single control knob turns the machine 
on or off and regulates its speed. 

The machine is 15 in. high, 4534 in. 
wide, and 31 in. deep (including rear 
delivery tray). Charles Bruning Co., 
True 1700 Montrose Ave., Chicago 41, 
iil 
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IMPROVED IMPACT 
PHENOLIC MOLDING 
COMPOUND 


Now commercially available, improved 
impact black phenolic molding com- 
pound is said to have an Izod impact 
range of 0.40 to 0.44. Designated 12906, 
the compound is said to be suitable for 
automatic molding processes due to its 
excellent granulation and fast-curing 
properties. Other advantages include 
uniform pill weight and excellent per- 
formability in tableting machines. Filled 
with wood-flour and cotton-flock, the 
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For testing 
Servo Systems in: 


missile guidance systems 
aircraft control systems 
machine tool control 
material handling systems 
automation systems 
autopilots 


We asked Servo Engineers what they needed 


in test instrumentation ...then we designed the 


‘Two channel recording of test of servo control system. Up 
to six channels of information can be recorded if desired 


This new amplifier, coupled to a Brush direct-writing oscillograph, provides a 
package unit to record performance of any servo system operating in the carrier 
frequency range of 50 to 10,000 cps. It offers performance features available for 
the first time—features requested by leading Servo Engineers in a survey made 
by Brush application specialists. 


EXCLUSIVE FEATURES 


Exceptional frequency response. . . on 4 400-cy« le carrier, 1 db down at 
100 cycles. On a 60-cycle carrier, 1 db down at 4 cycles, 3 db down at 7 cycles, 


Flexibility a high impedance input permits use in either single-ended or 


balanced operation: Error signal is isolated from the reference signal. In addi 
tion, pen drive d.c. amplifier section can be used as a separate unit 


High Accuracy phase-shift compensated attenuator permits holding phase 
shift to negligible amounts. Phase shifter with calibrated dial permits deter- 
mining phase shift between error and reference signals within 1 degree 


The Brush Servo Analyzer system permits complete servo operation testing 
and trouble-shooting. Immediately available records aid in: synchronizing 
signals, measuring feedback signals, carrier phase measurements, checking 
angular difference, measuring voltage magnitude and wave shape, etc. Ask your 
Brush representative for complete information on the Model BL-560, or write 
Brush Electronics Company, Dept. C-6, 3405 Perkins Ave., Cleveland 14, Ohio. 


BRUSH ELECTRONICS COMPANY 


3405 Perkins Avenue, Cieveland 14, Onio OIvision OF 


| CLEVITE 


Conraonation 
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compound is said to produc e molded 
parts with excellent finish in both cold 
powder and preheat applications. 

Molded properties (average values 
include 


Izod impact, ft-lb in. of notch 0.42 
Flexural strength, Ib sq-in 10,000 
Tensile strength, |b/ sq-in. 6,000 
Compressive strength, lb /sq-in 25,006 
Hardness, Rockwell M scale 96 
Heat distortion, I s00 
Dielectric strength 

60 cycles, 25 C, short time,vypm = 325 


60 eyeles, 25 C, s/s, vpm 225 
Power tactor, 60 cycles —dry 0.25 
Dielectric constant, 60 ceycles—dry 10.0 


Insulation resistance, megohms 7 x 104 


The improved properties offered by 
the compound are said to have been 
demonstrated, in field applications, in 
the molding of switch parts, electrical 
sockets, other electrical control parts 
and various other molded parts. General 
Electric Co., Chemical Materials Dept., 
| Plastics Ave., Pittsfield, Mass. 
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DIMENSIONS ONLY TELL = 
BALF THE STORY... | zssomes< 


Improved tracing vellum with better 


: erasability, called Blutex, represents a 
. about worm gear speed reducers. You've 


got to compare size with load capacity for the 
whole picture. Inside a Cone-Drive speed re- erasing qualities is a new combination 
ducer you'll find the double-enveloping worm of transparentizing materials used in 
gear design that makes it the most efficient treating the base stock. Blutex is treated 


with 100 per cent synthetic resins rather 
right-angle speed reducer available. than alle, ‘The resine peevide 0 “dslec” 


Take the standard 3” center distance unit working surface of unchanging chat 
above for example. Here are its Class I Service acteristics. While dry, the paper is said 


never to be brittle. This dryness, com 
Ratings with a 5:1 reduction: bined with an extra hard surface, per 


revised formulation of an established 
vellum. Chief reason for the easier 


mits cleaner erasures 
The materials are formulated to re 
Worm RPM 200 300 | 580 720 870 1150 | 1750 sist heat and aging. The transparentiz 
, ; ; } + ; ing agents will not fuse with the 


Mech. HP | 1.24 | 2.21 | 3.08 | 4.89 | 5.61 | 6.34 | 7.41 | 9.04 graphite lines, a condition that makes 


lines non-erasable. The dry surface is 


Thermal HP : | 3. 4.62 5.10 | 6.00 7.80 said to take opaque graphite lines with 


} , , ; } ease and uniformity. Frederick Post Co 
aa | 0830 | 2405 |2250 |2150 | 1940 | 1575 1650 N. Avondale Ave. Chicago 18 
(inch-Ibs. 


lil 
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That's a lot of capacity for a unit that occu- 
pies less floor space than this magazine page. 
But it's typical of Cone-Drive speed reducers 
and gearsets. Complete details on this model in FASTENER FOR ACCESS DOORS 
Bulletin 600-C. Other units to 800 HP and Useful on electronie equipment, in 
ratios to 4900:1. struments, and closures that require 
quick access, adjustment panel latch 
can be used in material ranging from 
the thinnest sheets to 0.150 in in. total 
sein GEARS a thickness. Entire fastener, including 


——— — = Laniaion, Muchupan tas self-contained paw! stop, can be in- 
BOURKE ENVELOPING GEAR SETS & SPEED REDUCERS 7OP1 ©, Caddies Reed © Dated 1. Mitieee stalled in the door or outer panel 
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NATIONAL ACME 


NAP -LOC 


SNAP-LOCK LIMIT SWITCHES. Made in both single-pole and 
double-pole series, and in four types: Standard, Short Travel, 
Neutral Position and Push Lever. With the exception of the 
Push Lever Switch, all are adaptable to special enclosures for 
hazardous location service and may be used with various 
styles of operating levers. For AC or DC service 


PROVED ... by 


millions of contacts 


SNAP-LOCK Push Button 


Control Station Switche 


Made up of small SNAP-LOCK 


switches, with separate en- 
and 
Adaptable 


to any number of units and in 


closures for electrical 


mechanical! sides 


any arrangements of buttons, in 
flush or surface mounted types 
For AC or DC service 


SNAP-LOCK Mot 


Swit 


SNAP-LOCK Motor 


switches are 


Starter 
designed for 3 
phase motors to 7'/2 HP on AC 


>» HP on OC. 


(DS, PRECEDING 


TRADE MARK 


THE ORIGINAL 


SNAP-ACTION LOCKING SWITCH 


ELECTRICAL SIDE MECHANICAL SIDE 


Klectrical 
within 


and mechantca ide are 


separated by a 
wall 


fully 


also he 


turdy dte-cast housing which 1 


insulated and tis otl and dust 


tipht 


resistant, Can 


furnished water and otl 


All National 


ton Control Station Switches 


Acme Switche Push-But 


ind Motor Starter Switche: 


Limit Switche 


employ the same dependable, basic swap-tocK design. A 


illustrated above, the snap-action locking mechanism i 


ible 


connected 


simplicit itself 
‘The double throw 
hatt 


fool-proot acce and long lived 


directly by 


contact lever 1 


with the latch bar on the 


mechanical side and carne 


elf-wiping coin silver contact points to insure quick action 


make and break ith maximum wear resistance 


Send for Bulletin 


kM 


ign problem 


>] 0 let ws 


discu our de with you 


MANUFACTURING OIirviston 


5 f I eR a 
The National Acme Company © 176 East 13181 Street, Cleveland 8, Ohic 





Important! 
Specify TEFLON 
by its 
properties! 


TEFLON can provide extraordinary physical, electrical, 
and chemical properties, but these properties cannot be 
taken for granted. 


The method used to convert Teflon powder into fin- 
ished rods, sheets, and tubes greatly affects the quality 


obtained. This quality, in turn, governs the properties of 
the end product. 


So to assure performance, actually specify not only 
Teflon but also the important properties required. 


mM 7 ® 1 
I'wo grades of Fluoroflex-T deliver the optimum prop- 
erties you specify for Teflon. 


(1) “Electrical grade” Fluoroflex-T is certified to con- 
form to all important electrical and physical proper- 
ties. It meets the most critical requirements. 

(2) A more economical “mechanical grade” satisfies all 
chemical and thermal needs and offers up to 50% 
greater resistance to elongation under mechanical 
loads. 

Both grades are produced under exacting quality con- 
trol standards and are stress relieved to insure that ma- 
chined parts are dimensionally stable. 


Send for data or better still tell us what specific 
properties are important for your application. 


® Teflon is a DuPont trademark. Fluoroftex is a Resistoflex trademark 


RESISTOFLEX 


CORPORATION . Roseland, N.J. Western Plant: Burbank, Calif. 


Warehousing Distributors: Western Fibrous Glass Products, Los Angeles, Calif; F. B. Wright 
Co., Detroit, Mich.; Colonial Kolonite Co., Chicago, Ill; Industrial Safety Supply Co., Hart 
ford, Conn.; Lone Star Rubber Co., Houston, Tex; Flow Products, inc., Chicago, II! 


hoe 


merely by punching two small holes. 
Screw and pawl stop are inserted 
from one side and the pawl is screwed 
on from the other, making the fastener 
an integral part of the door. No bolts, 
welds, or rivets are required. 

The fastener, which operates with @ 
quarter turn, requires no striker plate, 
since it latches against the door frame. 
Additional torque, applied after the 
fastener is engaged, pulls up the door 
to form a seal and eliminate vibration. 

Feature is the specially designed 
nylon pawl. Approximate weights are 
14 oz for the round head and 4 oz for 
the wing head styles. Fasteners are 
available in No. 8 and 10° screws. 
South Chester Corp., Southco Div., 200 
Industrial Highway, Lester, Pa 
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TENSION CONTROL UNIT 


Miniature device controls tension and 
torque delivery from 0-50 in.-oz. The 
Tension Control Unit provides fixed or 
variable tension control for such appli- 
cations as fine wire winding, film reel- 
ing and high-speed thread winding. It 
can also be used in mechanisms where 
maximum torque transmission must be 
accurately controlled 

Wide range of torque values can 
easily and quickly be set by the user, 


either by adjusting the air gap or by 


varying the input power. The slip be- 
tween the two members of the unit is 
smooth, absorbing and leveling out 
undesirable surges of power. Where a 
number of tension controls are used as 
a group, they can be controlled simul- 
taneously by a single rheostat. 

The device is available in two sizes: 
Size 100 is 1! in. in diam x approx- 
imately 114 in.; Size 130 measures 154 
in. in diam x 2%4 in. (approx). Dial 
Products Co., 9 Ave. E, Bayonne, N. J. 
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PHILLIPS ss" SCREWS 


are holding down many important jobs 


a As 7 A / 
pe, FF , 77 ; HOLDING THE pre-SURE-tool of the Buchanan . Mle 


4 * Te y trical Products Corporation, are four Phillips 
Ale en, a p screws. “By switching to Phillips screws we ac- 
& celerated produc tion, prevented driver slippage, 


HOLDING THE AMPLIFIER of the Audograph, manufactured by the Gray increased the torque applied to each screw and 


’ , eliminated the unattractive ‘chewed up’ screw 
Manufacturing Company, there are Phillips serews. Mr. William ’ | 


head,”” says Mr Mittleman, Plant Superin 
tendent and Production Manager 


aCTUp 
vi by 
+ Pp 


Sherman, Director of Sales, says, “Phillips screws enable us to meet 
the rugged performance standards required of the Audograph machine 


and to meet our competition in the dictation field.” 


e 

on 

= 
o 


ow 


“4 . 
$88 -neiss0- 


THE FASTENERS OF TODAY... 
AND OF THE FUTURE 
x marks the spot 
the mark of extra quality 


Pledged to highest standards... 


. , The Phillips Screw manufacturers listed here 
HOLDING THE OSCILLATOR KNOB as well as the fan head cover of the 


cooperate to turn out a uniformly high stand 
Fasco Industries, Inc., fans, you'll find Phillips screws. Mr. Weiland, , 5 


areti ard of quality. A ponsors of the Phillips 
Assistant Purchasing Agent of the company says, ‘‘When we intro Crons-Recessed-Head Standards Committers 


> F 8 "CWS, We ( ly rove uSSe my ; ‘yY alse 
duced Phillips screws, we immediately improved assembly. They also they adhere to the established dimensional 


eliminated burring and improved the appearance of Fasco fans.’ 
standards, gauges, and gauging methods which 


will best serve industry 


Members of Screw Research Association 


American Screw Company « Atlantic Screw Works, Inc. « The Blake & Johnson Co. « Central Screw Company « Continental Screw Co. 

Elco Tool and Screw Corporation « Great Lakes Screw Corp. » The H. M. Harper en « The Lamson & Sessions Company « National 

Lock Company « The National Screw & Manufacturing Company « Parker-Kalon Division, General American Transportation Corporation 

Pheoll Manufacturing Co. » Scovill Manufacturing Company « Shakeproof Division Illinois Tool Works « The Southington Hdwe. Mfg 
Company « Sterling Bolt Company + Universal Screw Company + Wales-Beech Corporation 





: 


-aragon’ gives you speed 


= 
Z 


.. without fatigue! 


Check the response-to-the-touch. 
You can actually feel the difference! 


Phat’s why the Paragon Drafting Machine notice- 
ibly cuts end-of-the-day fatigue saves costly 
man hours helps raise working standards 

See how easily protractor control ring can be 
reached—no matter what position your hand ts in 
\nother time saver. louch that ring with your /ittle 
finger and scales rotate freely. Release pressure and 


scale automatically lock to nearest 15 position, 


\nd intermediate angles are JUST as ¢ asily set! 


Top day-to-day performance is guar- 
anteed by unique “open center" de- 
sign of arms which protects smooth- 
working factory-set band tension. 


\ pood look ita Paragon ind i TOUC h on that con- 
trol ring i worth 1000 words! ‘Try it before you 
buy any dratting machine—vyou can | the differ- 
cnesg 

89 VEARS OF LEADERSHIP 
In equipment and materials for drafting, survey 
ing, reproduction and opti al tooling in slide 


rule Ss ind Mmcasurinyp Tape Ss 


KEUFFEL & ESSER CO. 


Wiw TORR. HOBOKEN, & 4 - Det 


St Lewls + Deltas + Sen Fremciece + Lee Angeles + Seattle « Mentresi 


Laboratory 


Engineering 
Equipment 


OSCILLOSCOPE STORES 
TRACES “INDEFINITELY” 


Basically a storage oscilloscope, the 
Memo-Scope 103 forms and retains 
traces at a constant intensity until they 
are deliberately erased by the operator. 
This feature permits the study of transi- 
ent electrical phenomena as short as 
10 microsee in duration, presentation 
of tube or transistor characteristics 
without the necessity of repetition, dis- 
play or frequency response curves with- 
out the need of a sweep generator, spec 
trum analyses, et« 

For comparison purposes a number 
of traces may be written and stored in 


Model 103. The stored trace, immedi- 


ately visible and of constant high 
brightness, is said to be readily seen in 
a brightly lighted room, and may be 
easily photographed 

Storing of traces is accomplished by 
means of a “storage mesh” located 
immediately behind the viewing screen. 
The mesh is electric ally charged wher 
ever it is struck by the writing electron 
beam retaining the charge pattern 
locked in place. The effect is achieved 
by the secondary-emission characte 
istics of the mesh and a low velocity 
beam of electrons from the flood gun in 
the cathode-ray tube. The display will 
persist as long as voltages remain on 
the cathode-ray tube 

When desired, the stored traces can 


be erased in less than 44 sec, simply by 





plug mounting 


in all these Automatic Electric 


relays 


CLASS A: 
The “all-purpose” relay for use where first 
cost is important. Gives long, dependable 
service. Size: 4¥e” x 246" x 17%". 


CLASS B: 
Made for extremes of long service life and 
dependability — often exceeding 400 
million operations! Size: 4%” x 2%" x 
be 


CLASS F: 
Low operating power makes this relay espe- 
cially desirable in a.c. circuits where relays 


function without specified operate or release 
time delays. Size: 4%” x 115" x 1%". 


CLASS S&S: 
Made for exacting miniature requirements. 
Used in aircraft where resistance to shock 
and vibration is needed in a small, light, 
reliable relay. (For printed circuit applica- 
tions—see below.) Size: 2°" x 2” x 1%". 


CLASS Z: 
Provides maximum timing in a “small-as- 
possible,” low-cost relay. Compact, light, 


resistant to shock and vibration. Size: 34” 
x 2%" x 13h)". 


“PLUG- IN” RELAY FOR ‘PRINTED CIRCUITS. 


Design of coil and spring terminals permits 
direct insertion into printed circuits with 
high-conductance connections, easily sol- 
dered. Bearing design gives up to 120 
million operations without readjustment or 
relubrication. Size: 14%" x 154"-1%" (de- 
pending uponnumber of contact springs) x1”. 
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For any application, you can choose an Automatic 
Electric relay—a top-quality relay in every way—with 
the additional advantages of plug mounting: 
Minimized inventory—When you standardize on 
plug-in relays, you can often interchange the same 
basic relay in many models of your equipment. Thus, 
you make substantial savings by reducing your inven- 
tory costs, speeding assembly. 


Fast, simplified inspection and maintenance — Plug- 
in relays permit periodic bench inspections with almost 
no ‘“‘down time”’ involved. Entire banks of relays can be 
removed for testing, and then replaced, in seconds. 


Simplified replacement— Plug-mounted relays can be 
replaced quickly and easily at otherwise inaccessible 
points in your equipment. Even an unskilled service 
man can replace relays in a matter of seconds without 
tampering with circuit wiring. 

You can select Automatic Electric plug-in relays from 
five basic types and thousands of individual assemblies. 


Send for Relay Circulars 1800 — 1804 —They give 
complete specifications, dimensional drawings, and help- 
ful information. Address Automatic Electric Sales Cor- 
poration, 1033 West Van Buren Street, (HAymarket 
1-4300) Chicago 7, Illinois. {n Canada: Automatic Elec- 
tric Sales (Canada) Ltd., Toronto. Cffices in principal 
cities 


Coe pea 
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‘DIAMOND H’ Snap-Ins 


PERFORM BETTER 
LAST LONGER 


Don't kimp on qualit vhere it costs you 
least the toggle switch, outlet, pilot light or intercon 
necting load plug o hose positive performance and 
long life your produ reputation may depend 


Diamond H Shap In ere first in the field and 
till lead im con tent qualit and ser ee lift Space 


terminals for faster ring or standard screw terminal 


Swite he conservativel rated | > and 20 A ae \ 
lO A 250 \ VA al ol.p rating Pilots rated LI5\ 
or 230 \ A.C.) UL Approved. In black, white, brown o1 


pecial color plat ti Send u your requirements toda 


Tee 


THE HART MANUFACTURING COMPANY 
211 Bartholomew Ave., Hartford, Conn. 


OEY 
Wisconsin 
ee: 


To Speed 
>» Assembling 


and Reduce 


Production Costs 


The toughness and uniformity of 
Wisconsin Porcelain Co.'s ceramics 
results in components that fit easily 

and accurately into place, helping to 
simplify your production procedures, 


A great degree of accuracy on Ceramic 
parts is made possible by use of continu- 
ous kilns with automatic temperature 
controls and other highly developed 
processes. 


If your components are porcelain, re- 


fractory, steatite or filter body parts use 


Wisconsin ceramics for best results 


Send a sample or blue print and tell us your 
requirements. We will be glad to quote prices 
and delivery 


Servn I al and Ele 


El reek 
WISCONSIN 
PORCELAIN (J) COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 


pressing a pushbutton which applies 
the proper wave form to the storage 
mesh 

Other features include: high vertical 
amplifier sensitivity (10 millivolt d-c) ; 
wide sweep speeds (up to 100 see full- 
scale); and direct-reading calibrations 
Advanced 
Electronics Manufacturing Corp., 2025 
Pontius Ave.. Los Angeles 25, Calif 
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of amplitude and time 


RACK-MOUNTED 
DIGITAL VTVM 


Designed for mounting in a standard 
19-in. rack, Model 615R digital vacuum 
tube voltmeter i a direct-reading 
digit counter that eliminate miter 
polation and parallax errors 

Standard features include in iuto 
mati off-se; indicator and illumi 


nated decimal-point and polarity signs 


One-millivolt 

the low 

onl d- ine 

i-« Specia 

i well a complete facilities 
mnatic print-out ire available on s 
order Hvyecon Electronics, Ine 
Arrovo Pkwy Pasadena. Calif 
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RECORDING INSTRUMENT 
PROVIDES INSTANTANEOUS 
OSCILLOGRAMS 


Klectrophotographic recording oscillo 
graph offers 24 trace light-beam record 
ing on electrosensitive paper with auto 
mati sensitizing at cle veloping ind 
fixing. Darkroom tacilities are not. re 
quired Lhe device Klectrograph Model 
4200 produce &-in. wide oscillograms 
that may be read instantly after record 
ing. Reeording on rectilinear coordin 


timing lines optically impressed 





DESIGN 
ENGINEERS... 


Rl 


Take the guesswork out 
...with Silicone Rubber! 


If you have a heat, cold, electrical, flexibility, or other 
problem in your design and engineering work—you 
may well find the answer in UNION CARBIDE Silicone 
Rubber Compounds. 

They offer phenomenal flexibility at low tempera- 
tures, thermal and oxidation stability at high tempera- 
tures, ozone resistance, abhesiveness, resistance to 
weathering, and good electrical and oil resistance. 

These specially compounded general purpose elas- 
tomers—all of which meet or exceed Aeronautical Ma- 
terials and A.S.T.M. specifications—provide predictable 
curing results! 

They can give the desired low compression set over 
a wide range of hardnesses, for example, or exceptional 
high-pressure steam resistance, or the thickest section 
cures ever achieved without delaminating, sponging, or 
blowing. 

They give you a new tool in controlling many prop- 
erties of silicone rubber products in respeet to hard- 
ness and elongation. Catalyst residue and its associated 
problems virtually reach the vanishing point. 

Think of them in terms of your unsolved problems 
for cable and wire extruded coatings, for tapes, gaskets, 
motor mounts, or even for steam irons, stove parts, 
freezers. Then call in a UNION CARBIDE Silicone spe- 
cialist and outline your problems, Call our nearest 
office or write Dept. 5-6. 


Look to Union Carbide for Silicones 


———— SILICONES DIVISION ——————— 


Union CarBIpe 


AND CARBON CORPORATION 
30 EAST 42ND STREET Pg NEW YORK 17,N.¥ 


In Canada; Linde Air Products Company, Division of Union Carbide Canada Limited 


The term “Union Carbide” is a trade-mark of Union Carbide and Carbon Corporation 
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CONTINUOUS LOAD 


RESISTANCE CHANGE 


TIME HRS. 


Small Size... 
Big Wattage... 
Uitra Quality 


at th igh femperatures 


Centralab Model 3 Radiohm’ 


' 
tgp An ultra-quality variable resistor 


watt-hour rating 


less than 11/16" in diameter—in a 
fOnty 10% marimun 


a reentd ccd complete selection of values for all 
miniature applications, guided missiles, 


geophysical, telemetering, et 


Designed for high operating 


temperatures (125° © 


Closed-case construction permits 


sealing and potting 


Also available with sealed, locking 


bushing 


A DIVISION OF GLOBE-UNION INC. 


st Keete Avenue . Milwaukee 1, Wisconsin 
804 Mc. Pleasant Road, Toront Mar 


Central 


8 1056 


ehaAM 


a synchronous timer--it combines the 
advantages of direct-writing oscillo 
graphs but allows the traces to cross 
The Electrograph is capable of record- 
ing to 100 eps without amplification 
using manufacturers galvanometer ele 
ments. Featuring high input sensitivity, 
trace identification, 7 paper speeds with 
200 ft supply capacity, and low pow 
er consumption, the unit operates from 
115 volts, 60 eveles. Century Electronics 
& Instruments, Ine 333 North Utiea 


Tulsa, Okla. 
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MULTICELL ENCLOSURE 


Versatile multicell universal shielding 
enclosure is completely adaptable for 
lifferent installation requirements by in 
terchangeable modular prefab units 
Other engineering include: completely 
interchangeable SUING S17 panels choice 


of solid and/or mesh shielding material; 


a 


and easy installation of standard door 
in any wall position (to swing either 
left or right. in or out). Floor loading 
ip to 1500 pst 

The multicell shielding enclosure is 
said to conform to all applicable mil 
itary specifications. Panel sizes can be 
obtained in increments of either 40 or 
4 in. Composite enclosures can be 
formed using both sizes. Shielding, Inc 


Box 217. Riverside, N. J 
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THREE-LEAD VERSATILE 
TEMPERATURE METER 


lemperature meter allows simultaneous 
readings to be taken in three separate 
ireas. The instrument, Model 385-3] 
features three test leads that can be 
placed in different locations. Switch 
allows the operator to get fast, accurate 
readings on the meter’s single dial from 
each location without moving the leads 
or the instrument itself. One of the 
leads, for example, might be put in 
i refrigerators freezer compartment, 
another in a central position in the box, 


and the third lead in the bottom area 
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READER 


INOLIRY SERVICE CARDS 


STEEL JAWS THAT NEVER RELAX 
fasten a fastener in place 


Alligator jaws have nothing on Tinnerman “U” 
and “J” type fasteners in gripping power. These 
fasteners press easily into locked-on position 
over panel edge or center panel locations. Yet 
they provide positive self-retention, ending the 
need for welding, staking or other secondary 
fastening devices. They are ideally suited for 
blind assembly or hard-to-reach locations 
When combined with the familiar Tinnerman 
Sprep Nut, this unique fastening principle pro 
vides a one-piece, self-locking, self-retaining 
fastener that is fast and easy to apply. The “U”’ 


TINNERMAN 


Sheed uly 4s 


THING IN FASTENINGS 


FASTEST 


ne 
— 
eis BEEN, 


Greater flexibility for control equipment 
enclosures is provided by self-retaining “J 
type Srreep Nuts at 30°; 


less production cost type Srrep Nut 


PRECEDING BACK COVER 


Assembly costs on this sheet 
frame are reduced 66’ 


or “J” feature can be combined with wire and 
tube retainers, latches, catches and a host of 
other fastening requirements to save time, 
material and production costs 


Find out about these and more than 8,000 
other types of Spreep Nut brand fasteners now 
serving industry all around the world. They can 
make important savings for you, can also simplify 
your assemblies. See your ‘Tinnerman represent- 
ative soon or write to us. Tinnerman Products, 
Inc., Box 6688, Dept. 12, Cleveland 1, Ohio. 


= 


metal skylight 


by Tinnerman “‘l 0, by using Tinnerman “U”" 
Sreep Nuts 


and 


(Jas range assembly costs are reduced 25°, 


y 


to 
type 





A CHICAGO 
Stock 
Transformer 


IVT Bd 
DELIVERY TIME ON 
THIS AccuRay'* AUTOMATIC 
PROCESS CONTROL 
oy 


of the refrigerator. The operator, then, 
by means of the switch, can test the 
temperature in all three portions of 
the refrigerator without moving the in- 
strument or leads. Model 385-3L meas- 
ures 3 in. x 5% in. x 2'5 in. Simpson 
klectric Co 205 W Kinzie St., 
Chicago 44, II 
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CAMERA FOR 3-IN. CRT 
OSCILLOGRAPH 


Oscillograph-record camera designed 
lor use with a 3-in. cathode-ray oscillo 
vraph offer full binocular vision, is 
elf-supporting, and produces prints 1 
min aller exposure 
\n adapter plate is furnished by 
which the camera, Type 339, may be 
easily attached to any 3-in. cathode-ray 
oscillograph having maker's standard 
rectangular bezel. No drilling of holes 
CONTROL UNIT or other modifications to the osecillo- 
Industrial Nucleonics Corporation of raph are required, This type of attach 
Columbus, Ohio, needed the finest of de 
pendable, high quality transformers in this 
equipment used to control steel strip thick 


ness in the cold rolling of sheet steel. Units 


EEREREE 


of another manufacturer did not fully meet 


required specifications. New, redesigned 


transformers would have required at least USE CHICAGO 
eight weeks delivery time 
| STANDARD STOCK 
Chicago Transformer PSC205 pro. ided a 
the ruggedness and reliability required for TRANSFORMERS 


this equipment and was available from stock 


for tmmedtate delivery. Vhus Industrial TO ELIMINATE 


Nucleonics was able to maintain its pro ment make 


duction and delivery schedules on this YOUR 
important equipment. PSC205 has been TRANSFORMER 
used continuously in the production of era COT] ue 
AccuRay™ automatic process control | BOTTLENECKS vane id produce A 


1 ow wrint 6 
equipment ever since ck and white prin A) 


imera tor 


nace ly 








Xposure 


\ Wollensak { 2.8 (-mm anastl 


alogs listing over 1110 stock transformers . C \* matic let 


Write for the free Chicago Standard cat 


is provided. The correction 

sufficient to resolve and record with 
egligible distortion y pattern over 
the useful s ! of a 3-in. CRI 


CHICAGO STANDARD TRANSFORMER CORPORATION Ee aenee: AIPMER Fro. 0 SNE gue 


vides speed ot ine bulb, 1] 


100. 1/50 
3501 ADDISON STREET + CHICAGO 18, ILLINOIS ind J 


Ss ¢€ ) er t the ‘ S V | 
Export Sales; Roburn Agencies, Inc., 431 Greenwich St., New York 13, N.Y . . : *} ted tha : " vil 
enable writing rate ip to in per 


| 





Drafting Department Heads! Now Is the Time to Gear 
Your Department to Meet Growing Production Demands! 


NOW Is the Time to Get Your New, 
Modern Bruning Copyflex Machine! 


The boom in production means more pressure than ever for engineering 


cen : bl drawings and prints. Right now is the time to replace that old inadequate 
adel ee a 4 7 . 4 
—_—— reproduction machine you've been putting up with—now’s the time to 


get a modern, efficient Bruning Copyflex 


In just the last year, Bruning has introduced five new, advanced 
machine models, one of which is shown at the left. These machines offer 
you the famous problem-free operation of Copyflex no exhaust vent 
ing, no plumbing or auxiliary equipment, no installation other than an 
electrical connection. They bring you faster reproduction speed and a 
host of operator convenience ich as fast return of originals, automatic 
eparation front or rear delivery Ihey are the efficient, economical 
modern reproduction machines that will help you boost your drafting 


: , room output, kee ts at a mMinimun 
Copyflex Model 500—Top mechanical speed pee OUR) Po . a 
of 40 f.p.m., front or rear delivery, automatic : 
separation and stacking, many other features Now is the time to act. Mail the coupon below. You'll he vlad u did! 


BR UNING Charles Bruning Company, Inc., Dept. 63-L 
4700 Montrose Ave., Chicago 41, Illinois 
Please send me ( y flex roce and 4 
Best Process! Best Machines! i 
Best Selection of Materials! ay Name Title 
Company 
Specialists in Copying Since 180 


Address 
CHARLES BRUNING COMPANY, INC., 4700 MONTROSE AVE., CHICAGO 41, iLL. 


City County 
In Canada: Charles Bruning Co. (Canada) Ltd, 105 Church St., Toronto 1, Ont 





Rated for 
50 HP 220 volts 
100 HP 440 volts 


Arc Box Cover Easily Re 
moved To Inspect Contacts 


Dual Voltage Magnet Coil 


All Contacts Are Easy To 
Replace. No Wires To 


Remove 


Contacts Are Locked In 
Open Position When Re 
set Button Is Operated 


Switchlets Easily Attached 
For Additional Circuits 


COMPACT—STANDARD DESIGN—DUAL PURPOSE 


Years of engineering and field testing are built into the Furnas 
Electric size 4 magnetic starter. Compare these features; COM- 
PACT—tThe new size 4 starter is only slightly larger than the 
size 3. STANDARDIZED DESIGN—Non-current carrying ele- 
ments such as magnet assembly, are box, cross arm, mounting plate 
and the like src interchangeable with the size 3. This standard- 
ization has been made without compromising on life because larger 
contact and othes current carrying parts provide the increased 
capacity. DUAL PURPOSI Reconnectable dual voltage coils. 
A single «carter stocked with its coil connected for 220 volts can 
be quickly and easily reconnected for 440 volts. Coil changing is 
climinated and stocking of starters and coils simplified. 

Write for Bulletin 5604, Furnas Electric Company, 1024 McKee 
Street, Batavia, Illinois 


= 
STAM Lbs ieee dh 


BATAVIA. ILLINOIS 


microsee from manufacturer's Type 
SWPIL screen with 1500 volts accelera 
tion (using Type 31 film). 
Object-image ratio is 1. The focus 
is factory-adjusted for use with a flat- 
faced cathode-ray tube. Dimensions: 
10% in. in overall length, 7%4 in. in 
height, and 5'% in. in width. Weight, 5 
Ib. Allen B. DuMont Laboratories, Ine.., 
760 Bloomfield Ave., Clifton, N. J 
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PORTABLE STRIP CHART 
RECORDER 


Portable strip chart recorder operates 
on a self-balancing potentiometer prin- 
ciple. With appropriate sensing devices, 
it will record temperature, speed, light, 


pressures, resistance, motion or any 


variable that can be represented by a 
d-c millivolt’ signal within its range 
The design features rectilinear tracings 
100 my full scale, high input impedance 
excellent reproduceability, 1 per cent 
accuracy, 5 in. pen travel, and a syn- 
chronous motor paper feed. Size: 6 in. 
high x 9% in. wide x 14 in. long. 
Weight, 15 Ib. C. H. Stoelting Co., 
424 North Homan Ave., Chicago 24, 
Il 
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TUBE, TRANSISTOR TESTER 


Combination tube and transistor tester, 
Model 325, accurately tests n-p-n and 
p-n-p type transistors, as well as tubes. 

Pubes can quickly be tested for all 


essential characteristics; grid conduct- 
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BUR LUA LE 


A Wate 


cme MU es 


HERE'S WHAT— [hey will transmit power quieter with 
less vibration than other types of gears. These tough, resil 
ient Rawhide gears will absorb momentary overloads up to 

times their rated H.-P. capacit protecting expensive 
metal gears. Since C/R Rawhide pinions cause negligible 


wear, they actually prolong the life of mating metal gear 


MORE FACTS They require no lubricant, are noncon 
ductors, and are extremely durable. Rawhide spur gears are 
cut in sizes from 1° O.D 0” face up to 30” O.D., 12” face 
D.P.’s range from 48” to 144": hor epower ratings go up t 
0 H.P. or more. Where high temperature and humidity are 
factors, (/R ars cut from Nylon, Fabroil, Bakelite, or 


Micarta ma nore suitable 


ASK CR been cutting non-metallic pur, helical 


and bevel gear r all ol 


VCar Ma icip sol our 


applications for over 4 


gear problem? 


Please write fo l ’ 1c, R Gear Booklet 


CHICAGO RAWHIDE MANUFACTURING COMPANY RAW H if D | > 
1215 Elston Avenue «+ Chicago 22, illinois 


In Canada: Super Oil Seal Mfg. Co., Ltd., Hamilton, Ontario Other C/R Products 


C/R Shaft nd » Ses 
Export Sales: Geon International Corp., Great Neck, New York Shaft & Face Seals » Sirvene 


synthetic rubber) molded pliable parts « Sirvis-Conpor 


mechanical leather cups, pac kings, boots 





Our 


irebound Pallet Boxes 
are certainly in demand... —s 


Ever since we introduced the 
SUPERSTRONG Wirebound Pallet Box we 
have been receiving a heavy volume 

of orders—and of favorable comments. 
Seldom has a new product been greeted 


with such enthusiasm. 


The combination of light weight with 
strength. ..the appreciable reduction in 
materials handling costs—provide 

the answer. If you do not know all of 
the advantages of SUPERSTRONG 
Wirebound Pallet Boxes, 


please let us tell you about them, 


SHIPPING 


: 


ates * Woods xes and Crotes 


rugated Fibre Boxes * Beverage Cases * Starch Trays * Pallets 


RATHBORNE, HAIR and RIDGWAY BOX CO. 


1440 WEST 2ist PLACE, CHICAGO 8&8, ILLINOIS 


ance (dynamic mutual conductance), 
plate conductance (emission }, and 
shorts 

The dynamic mutual conductance 
test accurately measures effect of the 
control grid on plate current flow 
Signal and bias voltages are applied 
to the tube grid. Proper separate high 
voltages are applied through separate 
loads to plate and screen. Potentially 
weak, gassy, or low-gain tubes can 
quickly be spotted by this test. 

As an added safety feature, the 
meter always reads “line voltage” until 
one of the two “test” switches is pressed 

Current amplification is accurately 
measured using a  constant-current 
bridge and low-impedance power sup- 
ply. A special diode-limiting circuit 
protects the sensitive meter against 
burnouts due to shorted transistors 

Instrument is housed in a_ portable 
ease 151% in. x 1414 in. x 5% in 
complete with probe compartment and 
built-in pin straighteners for 7 and 9 
pin tubes. Radio City Products Co., 26 
Rittenhouse Place, Ardmore, Pa 
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GENERAL-PURPOSE 
OSCILLOGRAPH 


Type 350 oscillograph offers identical 
direct-coupled high-gain X- and Y-am 
plifiers and amplitude calibration on 
both channels. together with excellent 
stability. Stability is achieved by an 
internal self-regulating power trans 
former; this is said to provide per- 


formance virtually independent ot line 


qh in ae a 


’ - 


voltage change D-c drift is said to. be 
carcely noticeable even over extended 
periods of operation. Pushbutton ampli 
tude calibration on both X- and Y 
channels makes the instrument adap 
table to a range of applications. 

The Type 5ADP CRT used in the 
oscillograph is operated at 3-kv ac 
celerating potential, to assure high spot 
brightness even when using low repeti- 
tion rates and long-persistence screens. 
The Type SADP offers excellent spot 
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A Formsprag 
Clutch can 
simplify the 
functioning of 
your design 


Designers are constantly finding ways to simplify 
the design of their products by utilizing Formsprag’s 
higher torque capacity and precision. Over-running 
; 


indexing, and backstopping applications are almost 


unlimited 


The modern, patented design of Formsprag Clutches 
is the secret. Each clutch—designed with utmost 
simplicity—offers the highest possible torque capa 
city in an extremely small area. And, you get rug- 
ged, precision performance with long life 

The next time you’re thinking of maximum clutch 
efficiency for your product remember these prin- 

ples about Formsprag Clutches 


William T. Cherry, Mgr., Formsprag Application Engineering De 


How Formsprag’s 


LOAD of ong = 
MOTOR e \ 
ban <0) | a 
Ie" 


AL 


tT 


GEARMOTOR 


\ Ne ‘SLOW SPEED 
FORMSPRAG * boa) DRIVE) 
JTCH 


HIGH RATIO TWO-SPEED DIFFERENTIAL DRIVE 


oprags used in Formsprag Clutches ns j yn . rmnsor ' typ | over-running ar 


are jh gt ly developed precision a ¢ 


wedges of hardened alloy steel. Due ‘ nser bety and power durir ow speed cycle 


to the sprag: Sig an unusually i Cour 


high amount t jue is delivered ' a ace f ntamned by rgiziu tS pov to load. Dur 

from one yr tr ' ; the other spri nsprag tructio é N 1cy { oO t ' ry ¢ 

When torque at : the sprag rr pr t t j i na ' trie W motor be over 
stantaneously engaged. When re han o f t j ' : lt nt particularly econorn 


removed the sprags re- ‘ ater torqu af ty ism clut f ent / . . eed differe 


t great for a two peed 


antaneously 


Distributors in Principal Cities 


SPRAG 


23589 Hoover Road, Van Dyke, Michigar 


ve Manufacturers of Over-Running Clutches 


page 
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size and very high light output in 
addition to excellent vertical sensitivity 
Its flat-faced plate simplifies quantita 
live measurement ‘ 
Another feature of Type 350 Oscil- ae 
lograph is an illuminated calibrated 
cale. A color filter is also furnished 


Instrument is designed to operate at 


VE Ahhh 


MAGNETIC 
CLUTCHES 





OV-cycle power, but a 50-cycle version 
ol the instrument will be available 
Allen B. DuMont Laboratories, Inc 

60 Bloomfield Ave., Clifton, No J 
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US ey 


INSTRUMENT PERMITS RAPID 
| 0 d | if S SYNTHESIS OF ELECTRONIC 
CIRCUITS 
\n engineering tool for 1 ipid synthesis I 


of electronic circuit the Cireuit De 


are 


immediately 


igner provides quick facilities for 

Ps rapidly ynthe izing and testing cil 
available 

cuits without consuming solder or 


drilling a single hole. Every component 


Tali me hala 


of the Circuit Designer is reusable 
All connections are visually trace 


able with celor-coded leads, plugs and 


eR i SeNgENEY Speeiel inatee Only 1 watt of power 
required... 


to develop 15 oz. in. of torque 

with a response time of 5 milli 

seconds. Only two moving parts 

which eliminate all maintenance 

problems 1634” 
Minimum dimensions (only 

1” o.d.) facilitate their use in 





compact assemblies. Extremely 
low cost enables designers to 


mentation is required, the device is espe 
sally advantageou ince the rapidity utilize the benefits of multiple 
You can lower your operating costs of circuit setup and dismantling reduces clutching in inexpensive elec 
with A.S.G. Universal Joints direct to a minimum the time and equipment tronic equipment. - 
























tied up in the test. Typical applications 
from your distributor. American | | Pi 


vnthesizing and testing circults: ex 
Stock Gear Universal Joints are de- 
: ploring design and performance toles 
signed and built to the highest stand- sili imulating physical systems; 
ards of quality and accuracy. testing components; and constructing 

All A.S.G. Universal Joints are temporary instrumentation Pomona Send for 
/ . . ,. « « : 
' . Electronics Co., Inc 1126 W. Fifth Bulletin C-1 

provided with self-locking retaining 


Ave., Pomona, Calif for complete details 


rings on the small pin. This simpli- 
K I I Circle No. 79, Reader Inquiry Service Cards Hycor’s systems engi 


fies assembly and disassembly. No preceding back cover z ' 
neers will be pleased to 


rivet pins are used. They are avail- assist in special design 
able from stock in 13 sizes with applications 

bored or solid hubs ranging in di- 

ameter from .4375” to 4.000". Special - 
bores, bores with keyways or set Post 


screws are available on special order. , 


f ta Oe hhcoadlrs Representatives im principal cities 
Ask for Bulletin No. 527 describing further information on 


the full line of A.S.G. Universal Joints re) 
New Components and Materials HYC 4 


Literature for the Design Engineer 


AIO Feature Article Reprints SORA RET e TONE 


Perfection Gear Company * Hervey, ill., U.S.A Advertised Products 12970 Bradley Avenue, Syimar 10, Calif 
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a Bae ma tac ly CO., Hartford 6, Connecticut — 


. FOR SPACE-SAVING 
COMPACTNESS 

. FOR PERFORMANCE- 
BUILDING 
DEPENDABILITY 


MODEL 102 AIRFOIL 
MILLING MACHINE 


MANUFACTURED BY 


The New England Machine & Tool Co. 


‘This ingenious machine mills the original, 
3-dimensional masters from which turbo jet 
blades are manufactured does in hours 

a job once requiring weeks of hand work 
Complexity of the operating and control 
mechanisms placed a high premium on space, 
but the 5 smaller, lighter A-H Magnetic 
Controls were easily mounted on an 
unusually compact door-back panel that 


swings out for instant accessibility 


TYPE 704 ELECTRONIC 
DATA PROCESSING MACHINE 


MANUFACTURED BY 


International Business Machines 


CORPORATION 


‘These electronic machines are designed 
primarily for the use of engineers and 
research scientists. They are capable of 
performing more than 4000 multiplications 
or divisions per second. The 10 Arrow-Hart 
Contactors included in the very complicated 
power distribution unit were a natural choice 
to save valuable space. Other A-H Controls 


are also utilized in other parts of the machine 


HEV-E-OIL BURNER 


MANUFACTURED BY 


Cleaver-Brooks Company 


Simple, compact and efficient, this modern 

unit uses low cost, high heat heavy oils to 

provide economical heat for commercial 

and industrial buildings. Arrow-Hart Control 
an “RA” Starter and a Miniature Relay — 

occupies little space in the small panel, 


leaves ample space for easy wiring 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 


tford é 
MOT NTR DI\ N 
Please send my copy of the A-H Motor Control Appli 
cation folder EM 
name 
position 
company 
co. address 


city 


AMdeanct Dug 


aaa? 


ELECTRONIC 
COMPUTERS 
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id 


- 


| 
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7 * «2 


a Wc 
EQUIPMENT 


reco? SS << 


ARROW-HART 


MOTOR CONTROL DIVISION 
THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 
103 HAWTHORN STREET, HARTFORD 6, CONNECTICUT 


Offices, Sales Engineers and Warehouses in Principal Cities 


Quality, NOUR CONTROLS «WIRING 


Ww HI © APPLIANCE! 


MAIL COUPON TODAY FOR COMPLETE INFORMATION 





Literature for the Design Engineer 


All-new listings of manufacturers’ literature just off the 
press . . . including catalogs, manuals and other reference 
publications relating to components and materials for 
designed-in use in electrically energized end products. 


PRODUCT 


“Creative 


DEVELOPMENT 
Product 
Work,” 36-page brochure shows by 


Entitled 


Development at 


means of illustrated case histories the 
range of engineering problems en 
countered—and solved—by a firm of 
industrial designers. In each case, the 
problem confronting the designer is 
described and the means for solving 
the problem and results obtained dis- 
cussed in some detail. Among the equip- 
ments designed or improved are digital 
computers, automatic fire control test 
sets, and electric ranges. Designers for 
Industry, Ine. 


Circle No. 121, Reader Inquiry Service Cards 
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FRACTIONAL-HORSEPOWER MOTORS 

Detailed information on a line of 
fractional-horsepower electric motors, 
as well as on blowers and special 
products, is presented in an illustrated 
12-page catalog complete with perform 
ance data, diagrams and photographs. 
New line of Type CY permanent split- 
capacitor motors is described; reviewed 
are such special products as dynamotors, 
inverters, gyromotors, and similar prod- 
ucts. Redmond Co., Ine. 


Circle No. 122, Reader Inquiry Service Cards 
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BEAM SWITCHING TUBES Complete 
with application notes and specification 
sheets, file folder describes beam switch- 
ing tubes—versatile ten-position tubes 
that can be used for sequential, simul- 
taneous or random switching of any 
number of positions. Advantages include 
a reduction in the total number of tubes 
required in a circuit, as well as savings 
in space and weight in control and 
switching systems. Haydu Brothers of 
New Jersey, Subsidiary of Burroughs 
Corp. 


Circle No, 123, Reader Inquiry Service Cards 
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V-BELTS—Many illustrations are in- 
cluded in an 8-page bulletin on V-belts 
designed for drives employed in heavy 
industrial applications and miscella 
neous light machinery drives. Available 
are steel cable belts especially adapt 
able for drives requiring extra strength 
and heavy continuous service. Other 


types include the HY-T belts made of 


synthetic fiber, and the EC cord V-belt 
for conventional drives. Other series 
include light-duty V-belts for home 
appliances, small farm machines and 
other — light Mechanical 
Power Transmission Sales Dept., Worth 


machinery 


ington Corp 
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SELECTION OF AUTOMATIC TRANSFER 
SWITCHES— Entitled 
sider in the Selection of Automatic 
Transfer Switches,” 


“Factors to Con 


publication 596 
lists in its 16-pages the ten features re 
quired for adequate design, as well as 
an explanation of the reason why these 
features are essential. Automatic Switch 
Co 
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preceding back cover 


LUBRICATION NEWSLETTER — First 
issue of a technical house organ that 
will be devoted to providing informa 
tion on lubrication, carries as its lead 
story a discussion of press fitting with 
molybdenum disulfide lubrication. The 
article deals with press fitting of plain 
bearings, ball and roller bearings, gears, 
sprockets, clutches, etc., and includes a 
delineation of mathematics of press fits 


The Alpha Molykote Corp 
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VARIABLE WIREWOUND CONTROL 
Details of a 2-watt rheostat potenti 
ometer, equivalent in size to JAN-R-19 
Style RA20, are provided in Bulletin 
4-3. Applications include use in military 
and other equipment and test and 
measuring instrument controls A vail 
able basic forms are listed, construction 
is described in detail, and character- 
istics and specifications given. Curves 
and dimensional drawings are provided 
International Resistance Co 
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preceding back cover 


IRRADIATED POLYETHYLENE INSULA- 
TION—-Data sheet lists some of the 
properties of an irradiated 150 C in 
sulation developed by company in con- 
junction with the Stanford Research 
Institute. Designated Hyrad, it is a 
specially 


compounded _ polyethylene 
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Doing it 
Yourself ? 


It’s Easier to 
Standardize on 


Jeffers RE 
Choke Coils 


You can eliminate tedious, 
expensive hand assembly from 
miscellaneous forms and wires 
by using completely assembled 
standard Jeffers R. F. choke 
coils. You will save time, labor 
and money by stocking the 
broad range of Jeffers coils 
just as you do resistors, 
capacitors and other similar 
electrical components. 


Jeffers coils are made of high- 
est quality materials... using 
insulated copper wire wind- 
ings encased in husky molded 
jackets. All windings are 
soldered to leads... no chance 
of shorted end turns. 


Enjoy the benefits of superior, 
standardized components in 
your circuits. Jeffers Elec- 
tronics offers you a full line 
of R. F. choke coils with a 
complete range of inductance 
values...ready for immediate 
delivery. Write today for our 
specification sheets. 


Other Jeffers Products 
fixed composition capacitors 
Other Speer Products 
for the Electronics Industry 
anodes + contacts * resistors 
discs * brushes *« molded notched® coil forms 
battery carbon * graphite plates and rods 


*Patented 


JEFFERS ELECTRONICS 
DIVISION 
SPEER CARBON COMPANY 
Ou Bois, Pennsylvania 
Other Speer Divisions: 
Speer Resistor, Speer Carbon Products, 
International Graphite & Electrode 


. 





¥ 


Now!...Phaostron 
custom panel 
meters are 


available in 


colors _ 


st No additi< 


Time te sted and proven move 
ments, anti-magnetic shielding 
insulated zero adjustments and 
fine accuracy are familiar features 
of Phaostron Custom Panel Meters 


...now, something new has been 


added 
COLOR-CUSTOMIZED PANELS 


Handsome harmonizing colors that 
will give a touch of distinction to 
your equipment. Send us a color 
swatch and we will make Phao 
stron color-customized pane Is to 


match...and at no extra cost! 


Phaostron Custom Panel Meters, nine type 
ard Ranges are available at your Parts Di 
special requirements, write to the Product Di 
Depariment for practical recommendations 


Dik 
Kee 
Meter 


“0 cpus 
0 Lg at, 


QU J 
é MILLIAMPERES 


4" x 6” rectangular meter 
with mirrored scale 
also available illuminated 


" round meter 


Phaostron Instrument & Electronic Co. 


1S) PASADENA Ave 


SOUTH PASADENA. CALIF 


which, after extrusion on wire and 
cable is subjected to massive doses of 
high energy electron radiation. Four 
wall thicknesses (10. 15, 30 and 45 mils) 
are available, as well as ten gage sizes 
(12 through 30) and ten = standard 
colors and spiral striping. Sequoia, Div 
of Sequoia Process Corp 
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D-C MOTOR LINE IN 1-150 HP RANGE 

Design features of the d-c Kinamati« 
motor line are reviewed in 12-page 
bulletin GEA-6355, which points out 
that motor versatility permits a wide 
variety of both constant and adjustable 
speed applications. Motor is designed 
especially for adjustable speed by 
armature voltage control, field strength 
control, and any combination of both 
Other construction details and complete 
data on dimensions and ratings are 
provided. A cutaway view is included 
General Electric Co 
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GOVERNMENT SPECIFICATIONS FOR 
ADHESIVES, COATINGS, SEALERS Pro 
vided in file type folder are various 
military and federal specification desig- 
nations with manufacturer's corre spond- 
ing adhesive, coating or sealer that 
meet the government — specification 
requirements. Minnesota Mining & 
Manufacturing Co. 


Circle No. 130, Reader Inquiry Service Cards 
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TEFLON PACKINGS AND CASKETS 

Illustrated and described in an 8-page 
bulletin are a wide variety of Teflon 
packings and gaskets. Included are 
split and folded types of envelope gas 
kets, solid gaskets and Teflon stuffing 
box packing. Additional pages are de 
voted to related) products including 
Teflon braided and plastics packings. 
Packing Div., Raybestos-Manhattan, 
Inc 
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SPECIAL STEELS Entitled “Special 
Steels for Industry,” 16-page pamphlet 
discusses the two basic groups of 
stainless steels and provides a detailed 
stainless-steel finder chart. Othe pages 
provide complete specifications on elec- 
trical materials, including magneti 
core materials. Allegheny Ludlum Steel 
( orp 
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BERYLLIUM COPPER STAMPINGS 

Kight page catalog shows many of fab 
ricators standard and custom-produced 
stampings. Company makes precision 
metal stampings and is a specialist in 
beryllium copper components for ele 


trical and other electronic equipment 
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An Installation of Leesona Coil Winders in the Lenkurt Electric Company plant, 


San Carlos, Cali 
transformer fully 


Inset shows 
assembled the 


Coil Winder. 


, left to right 


on a fast Lee 


1 Lenkurt miniaturized high frequency 
transformer 
precision-wound to extremely close tolerance 


108 Hand Feed 


casing; and the transformer 


‘ 
ona No 


LENKURT selects Leesona No. 108 Coil 


Winders for high-precision accuracy 


Winding 


paper-insulated coils in 


As a leading designer and manufac- 
turer of carrier equipment, the 
Lenkurt Electric Company of San 
Carlos, California, supplies the com- 
plex electronic apparatus 
throughout the world by telephone 
companies in adding long-distance 
circuits. For the 
tolerance coils that go into this multi- 
channel communications equipment, 
Lenkurt depends on Leesona No. 108 
Coil Winders. Chester Scaree, Factory 


used 


winding close- 


FOR WINDING COILS 

IN QUANTITY... 

ACCURATELY...USE 
LEESONA WINDING MACHINES 


READER INQUIRY SERVICE CARDS 


Manager of Lenkurt, reports: 

“Our transformers call for coils of 
the finest quality to meet the high-pr 
standards of modern carrier 
equipment, We find that Leesona No 
108 Hand Feed Coil Winders give u 
not only the high degree of accuracy we 
must have, but worthwhile economy as 
u ell.” 

Leesona No. 108 Machines are the 
easiest to operate, most accurate and 


flexible hand feed coil 


cision 


winder 5 CVC! 


thirty 
form 


four to 
stick 


reduce e 


de veloped 


imultaneously, they et-up 
time and speed produc tion on long or 
hort runs, 
Get the Facts 

on how you can improve and econo- 
the 
coupon for further facets on Leesona 
No. 108 Hand Feed Coil Winder 
for other helpful coil 


formation. 


mize your own operations, Use 
5, and 


winding in- 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 136 


Please send me 


| Bulletin on the Leesona No 


108 Hand-Feed Coil Winder 


Condensed catalog of Leesona Winders 


Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern 


coil winding machinery. 


Nome... 
Company 


City 
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F.0.S. means 71.3% MORE 


Dielectric Strength for you! 


It’s as simple as turning on a light. F.O.S. offers protection with 
a big difference because F.O.S. adhesive compound is different in 
composition and applied by our exclusive Strontium 90 Isotopic 
method. From atomic research comes this denser, more even, more 
consistent adhesive with unusually high dielectric ratings—71.3% 
higher than leading competitive tape. Prove it in test and in use. 


TAPES Thickness Dielectric Volts 


Sidi (mils) Total Per Mil 


Leading competitive 
tape 9.5 1,500 157 


F.0.S. electrical 
tape 8.0 2,150 269 


ELECTRICAL 
TAPE 


FREE SAMPLES on request. Test F.O.S. and 
prove its superiority. Hold competitive tape and 
F.O.S. to a bright light; adhesive side toward you. 
The smooth consistent coating of F.O.S. shows no 
pinpoints of light. Specify F.O.S. for rugged, de- 
pendable performance. Write for samples today. 


wa» TRE SEAMLESS RUBBER 


F.0.S. INDUSTRIAL TAPE DIVISION 
THE SEAMLESS RUBBER COMPANY 
NEW HAVEN 3, CONNECTICUT CIT 


Text and illustrations described com- 
pany facilities and processes ranging 
from stamping to heat treating; and 
from Silbond (silver bonding) to final 
plating. H. Braun Tool & Instrument 
Co., Inc. 
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STANDARD DRAWN ALUMINUM 
CASES AND COVERS — Additional 
standard sizes and styles of deep drawn 
aluminum boxes, cases and covers are 
listed in a 4-page brochure, which also 
contains a “preview” of manufacturer’s 
new instrument cases. The listed cases 
and covers are available without tooling 
charges. Most sizes are carried in stock 
for shipment of small quantities within 
a week. Zero Manufacturing Co. 


Circle No. 134, Reader Inquiry Service Cards 
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MINIATURE PANEL-MOUNTING VTVM 

Catalog VM-106 describes miniature 
panel-mounting vacuum tube voltmeters 
small enough to be built into operating 
or test equipment. Both a-c and d-c 
models are described for commercial 
and military applications. Available is 
a new low-level d-c VTVM designed to 
meet military specifications. Trio Lab- 
oratories, Ine. 
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POWER SUPPLIES —Specifications are 
provided in 6-page bulletin S-56 on 
standard tubeless magnetic-amplifier- 
regulated 6, 12, 28 and 115-volt d-c 
power supplies. Additional listings pro- 
vide data on airborne radar power 
supplies, a-c line voltage regulators and 
heavy-duty germanium rectifier units. 
Perkin Engineering Corp. 
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TRANSFORMERS—New additions to a 
line of transformers, as well as all 
standard units, are listed and described 
in an illustrated catalog providing data 
on line-voltage regulators, Plate trans- 
formers, and power types, as well as on 
hermetically sealed models. Additional 
listings cover output, filament, driver 
and other transformers. Crest Trans- 
former Corp. 
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SILICON HIGH CONDUCTANCE JUNC. 
TION DIODES—Tentative specifications 
for Type 660 through 663 silicon high 
conductance junction diodes are pro- 
vided in Bulletin No. DL-S 614. Diodes 
are available with peak inverse voltage 
ratings up to 200 volts. At an ambient 
temperature of 150 C, these glass en- 
capsulated miniaturized axial con- 
structed units have forward current 
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Flat Face vs Radius Face in 
Electrical Contact Design: 


In theory, two clean, perfectly flat surfaces maintaining Wh . . 
Which is better 


perfect alignment under equalized pressure, would com- 


prise the ideal electrical contact. for your product ? 


But perfect mechanical precision cannot always be at- 


Twe flat face contacts are best in 


tained. For this reason, a flat face contact, paired with a 
theory, but often difficult in practice 


radius faced contact, is often used. 


This arrangement provides adequate performance, and 


even allows for a certain amount of misalignment. In addi- 


recommended for many 


the contacts close, helping to keep contact surfaces clean. applications; especially when ductile 


contact materials are used 
When ductile materials are used, such as silver and 
silver alloys, the use of radius faced contacts paired to- 


gether has been found practical and economical for many 

A radius face contact paired 
with @ flat face contact 

is often used when wiping or 


applications. Optimum life usually results when the radius 


is 4 times the contact diameter. Waliline ection Is employed 


tion, it facilitates the use of a rubbing or wiping action as WU Taper divs face contacts are 


The choice of contact faces cannot be established ac- 
cording to specific rules. Engineering skill, carefully con- 
trolled tests, and experience are still the only ingredients 


to a complete approach to electrical contact selection. 


Fansteel’s experience and extensive research facilities 
provide the ultimate assistance you need in electrical con- 
tact specification. Whatever the problem, it’s always a good 


A copy of this book is yours for the asking. 
policy to CHECK WITH FANSTEEL, 


FANSTEEL METALLURGICAL CORPORATION 
NORTH CHICAGO, ILLINOIS, U.S.A, 


554 


FANSTEEL ELECTRICAL CONTACTS DEPENDABLE SINCE 1914 
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take your 

choice of 
America’s largest 
warehouse 
stocks 

of bolts 

nuts 


screws 


One-stop fastening service— 
everything—bolts, nuts, 
screws, rivets, washers— 

at one time, one place, with 
one order. That's how 

you get real buying 


economy. 


Call Sterling Bolt—or 


any of our distributors. 


é verylhing For Fastening 


ae eee 


STERLING BOLT COMPANY 


MANUFACTURING PLANTS IN / CHICAGO - ST. LOUIS 
Available at these / MILWAUKEE 
and other 


distributors EAST COAST BOLT ANDO NUT CO PAN-PACIFIC SCREW AND BOLT CO 
84-94 HUDSON ST.. NEW YORK 13, N.Y 201 NEVIN AVE., RICHMOND. CAL 
GULF COAST BOLT AND NUT CO TEXOKANA BOLT AND NUT CO PENN BOLT AND NUT CO 


1115 SILVER ST, HOUSTON 10, TEX 1810 S AKARD ST. DALLAS |. TEX P.O. BOX 9967, PITTSBURGH 33. PA 


266 


ratings of 25 ma. Applications include 
use in networks, modulator and de- 
modulator circuits, as well as in mag- 
netic amplifiers and power supplies 
Texas Instruments Inc. 
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AIRBORNE OIL-HYDRAULIC COM- 
PONENTS AND SYSTEMS — Bulletin 
4-5200-D describes in 4-pages a line of 
airborne constant and variable dis- 
plac ement piston type pumps, con- 
stant displacement piston type motors, 
hydraulic power transmissions, servo 
pumps, relief valves and pressure regu- 
lators. Selection tables, performance 
charts, drawings and photographs are 
provided. Vickers Inc. 
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CARBON BRUSHES—Technical reter 
ence manual on carbon brushes for 
industrial, military and commercial 
applications contains 36 pages and dis- 
cusses such topics as methods of manu 
facture and description of brush grades. 
These include carbon-graphite, electro- 
graphitic, and pure graphite grades. 
Also, copper-graphite, and silver-gra- 
phite grades. Tables of average char- 
acteristics are provided. Brush grade 
res ommendations are provided. Pure 
Carbon Co., Ine. 
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WOUND SQUARE LOOP CORES Thirty 
two-page booklet, entitled “OrthoSil 
Wound Cores,” provides complete parts 
list of standard 4 and 12 mil “C” cores 
and toroidal cores. Included are me- 
chanical dimensions, tolerances, and 
weights. Also included are many useful 
curves based on 400 eps for 4 mil cores 
and 60 cps for 12 mil cores. Typical 
d-c hysteresis characteristics are given 
for all cores depicted. Thomas & Skin 
ner, In 
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SWITCHES. -Toggle, slide, rotary, push, 
grounding and special —lever-action 
switches are listed and illustrated in a 
12-page catalog describing maker's 
complete line of models for use in appli- 
ances, motor control, electronic and 
other types of equipment. Ratings, di- 
mensions and other specifications are 
provided. Carling Electric, Ini 
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CONTROLS AND RESISTORS Among 
the listings in Catalog No. 56 are com- 
position-element and wire-wound con- 
trols in various sizes, including mini- 
aturized models; field-attached shafts 
and switches; power! rheostats: preci- 
sion and laboratory-grade controls: 


wire-wound fixed and adjustable re 
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\| Servo Motors... 


4 


Z ; 
es 


- 


Meee S3C' ie at G5 degrees below zero 
aA CA'Mm in other environmental tests 
TE TELL «to meet all mil. environmental specs. 


GOOD REASONS WHY 


G-M SERVO MOTORS 
SERVE YOU BEST! 


G-M serve motors are avail 


able in standard sizes 


G-M servo motors can be 
modified to meet specific cir 


cull requirements 


Creative engineering in de 
signing special servo motors 


with special characteristics 


Fast production better 


‘Torture tests in this low temperature chest 
at G-M are only one of the ways G-M 
makes its servo motors prove themselves. 

leach G-M servo motor must conform 
to military specifications exactly —for alt- 
tude, high and low temperatures, vibra- 
tion and shock, humidity and salt spray. 

And because G-M specializes in the 
manufacture of servo motors rather than 
servo systems, you can be sure each motor 
will have the optimum characteristics 


under this same condition for you. 


Write Now for GM charts, 
specifications and performance data 


No oblipation, of course 
é j 


SIRO AN MOC n 


monviactured by the Components Division of 


G-M LABORATORIES INC. 


4338 N. Knox Avenue @ Chicago 41 


| 
| 
| 
} 
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sistors; and line-voltage regulators. De- 
posited-carbon resistors and similar 
products are also available. Clarostat 
Manufacturing Co., Inc. 
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SILICONE RUBBER TERMINALS~ Sili- 
cone rubber hermetic terminals are 
available from a manufacturer of a 
standard line of hermetic terminals. 
The company, which specializes in 
silicone rubber hermetic terminals, 
terminal boards, and coatings, provides 
data on its various series of products 
by means of text, tables, curves and 
dimensional drawings. Available ma- 
terials also include Teflon and silicone- 
glass laminates. Silicone Seals, Inc. 
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SOLENOIDS by means of curves, text 
and size and mounting data, 6-page 
brochure presents engineering specifica- 
tions for continuous-duty and = inter 
mittent duty a-c and d-c solid frame 
solenoids. Additional pages describe 
laminated a-c solenoids. Comar Electric 


Co. 
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PHOTOSENSITIVE CONTROL ELE- 
MENTS. Quartz crystals and miniature 
motors and blowers are among the prod- 
ucts described in a 4-page brochure 
announcing availability of components 
ind systems for electrically energized 
equipments. The photocells are said to 
provide enough power to operate relay 
at normal daylight levels and offer great 
sensitivity at very low light levels. 
Hupp Electronics Co., Div. of Hupp 
Corp 
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CERAMIC CAPACITORS —-Four lines of 
ceramic capacitors are described in a 
series of illustrated technical bulletins. 
Applications include use in transistor- 
ized circuitry, frequency control, bypass 
and coupling circuits, as well as in 
feedback networks and tuned circuits. 
Specifications are provided for temp- 
erature compensating ceramic capaci- 
tors; high-compensation precision cer- 
amic capacitors; low voltage ceramic 
models; and high capacitance units, 
(rlenco ¢ orp 
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GROWN JUNCTION SILICONE RECTI- 
FIERS Tentative specifications for 
vrown junction silicon rectifiers are pro- 
vided in Bulletin No. DL-617. The units 
feature minimum breakdown voltages 
of 1500 volts and ambient temperature 
ranges of —55 to 150 C. Rectifiers are 
hermetically sealed in metal and glass 
axial enclosures and will withstand 
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vibration — holds 
assembly firmly i 
alignment. 


ER GUIDE — reduces 
friction and wear. 


SHOCK - ABSORBING 
BUMPERS — reduce 
self - destruction, 
qushion stroke, as- 
sure longer service. 


HEAVY SILICONE 
INSULATED MAGNET 
WIRE — wound on 
high flow point 
molded nylon 
bobbin. 


HORIZONTAL PUSH-TYPE VERTICAL PULL TYPE 
WELDED BASE SHOCK-MOUNTED 


INDUSTRIAL SOLENOIDS 


In addition to all the “inside” advantages, 
WELDED BASE 


VERTICAL PUSH-TYPE . AC WAFER SOLENOID 


Decco Solenoids are compactly designed and 
FOR COMPLETE 


INFORMATION ON ALL s : ' ; 
varnish for high moisture resistance. 
DECCO INDUSTRIAL 
SOLENOIDS 
WRITE: 


thoroughly impregnated with silicone baking 


Decco Solenoids are made in all types, sizes 


and shapes. SPECIAL SOLENOIDS ENGINEERED 
TO YOUR PROBLEMS. 


DC INDUSTRIAL SOLENOID 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





x MINIATURE 


\9 


CAPACITORS 


Plastic film dielectric 
Very High resistance 
Low dielectric absorption 
Very Low cost 
Temperature range 
—10C to 140°C 
Smaller than the 
smallest 

Extremeiy long life 
Voltage 100 to 1000 
volts 


Capacitance .001 fo 1 
mid. 


e Will withstand severest 
environmental fests. 


extreme conditions of shock, vibration 
and humidity. The axial construction 
allows point-to-point wiring and the 
insulator case may be clamped directly 
to a metal chassis for greater heat 
dissipation. Texas Instruments Inc 
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NICKEL-FREE STAINLESS STEEL — Sul) 
illustrated booklet 
Type 430 non-nickel low-carbon ferritic 


ject of a 14-page 


stainless steel, has a nominal composi 
It can 
be readily worked in either hot or cold 


tion of 17 per cent chromium 


conditions, and is said to have ductility 
good forming and bending character 
istics. Applications include use on ait 
conditioning units, appliances, and other 
electrically energized equipment. Prop 
erties are listed and other engineering 
data provided. Washington Steel Corp 
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We invite your inquiries. Ask for our complete catalogue on your company letterhead 


*% Paper Dielectric Capacitors 
% High Voltage Power Supplies 


HARDENER FOR EPOXY RESIN SYS- 


Plastic Fil it 
* , ilm Capacitors TEMS —Applications of Het anhydride 


% Pulse Forming Networks 


Masti: Capacitors, 9, 
5 fastic -apacitors, ~SHnC,. 


2511 W. MOFFAT STREET, CHICAGO 47, ILLINOIS 


OF 


OUTSTANDING 
PERFORMANCE 


have made Durakool Tilt-Switches and Timer- 
Relays the Recognized Standard of Industry. 


Now celebrating its 20th year, Durakool, In is proud 
of the many records of achievement set by its mercury 
tilt-switches and timer relays 

The basic ‘Sealed under pressurized hydrogen’ principle 
has been proved on thousands of applications. So suc 
cessful have they been that they are now the accepted 
standard of industry 


*% Milliens of contects & Trouble-free under 
er cycles without 
faltering 

*% Ovutlasts the 
normal equipment 
life *% Low cost 


every practical 
temperature or 
humidity condition 


See telephone directory for local distributer, 
or write 


DURAKOOL INC. + ELKHART, IND., U.S.A. 


700 WESTON RD., TORONTO 9%, CANADA 


include use as a hardener or curing 
agent for liquid epoxy resins. According 
to Bulletin No. 43, the hardener im 
parts such desirable characteristics as 
strength and stiffness at high tempera 
tures, fire resistance, high-heat distor 
tion temperature, and excellent mechan 
ical and physical properties. On clear 
ASTM heat distortion tempera 


tures as high as 200 C have’ been 


castings 


obtained vlass-cloth reinforced lami 


nates tested at 178 C have a flexural 
strength of 73.500 pol Hooker Electro 
chemical Co 
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ALUMINUM NAMEPLATE ACCESSORIES 


Illustrated catalog deseribes four 


accessories used to apply maker's color 
anodized and etched aluminum foil 
nameplates to crinkle, uneven or curved 
surfaces. For heat-sealing, users can 
obtain a snub-nosed heating iron and 
stand. Solvent-activation is recomended 


where heat sealing is not required 
Machinery can be designed for high 
speed application of foil nameplates 
North Shore Nameplate Inc 
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CIRCUIT SELECTORS AND STEPPING 
RELAYS The circuit selector or step 


ping relay described in a_ 12-page 
pamphlet, is basically a power-operated 
rotary switch intended for remote con- 
trol of predetermined circuit patterns 


Many 


counting 


versatile designs of stepping 
adding, and subtracting, as 
well as latching and circuit-selecting 
relays are made possible by the com- 
bination of maker's Ledex rotary solen- 
oid and waler-type 


rotary switches, 
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as Co 


TORRINGTON 
can make your 
small precision metal parts ‘® 


than you can make them 


—a 


These are typical of parts that Torrington produces daily by sease® 


gussaceaces® 

TON CO 

the hundreds or millions. If you use similar small precision abe oy 

parts, mail the coupon today for the Torrington Small / 

Precision Parts condensed catalog. Even better, send a sketch, 
blueprint or sample part. We will give you a prompt 

quotation which will mean substantial savings to you. 


: Torringtor 
s 401 Field street, 
: d the Torrin 
s Please sen 
. Parts condensed catalog . 
g . Please have @ salesman Ca 
5) . 
+ : 
10 om Name 
90% THE TORRINGTON COMPANY Title 
De Specialties Division 
Neca 401 Field Street, Torrington, Conn. 


* 
s 
he 
n\ S Company 
2 
TORRINGTON, METAL PARTS | | 
' ) § 
@ 
Bs 


Makers of Torrington Needle Bearings 


‘Lone State al 
City a 
guages susnessssseeee® 
suas 





MILFORD 
RIVETERS= 


for faster assembly, 
for dependable tastening 


Fasten a wide range of assemblies 
Safely—Rapidly— Automatically 
with Milford Rivets and Riveters 


Delicate wrist watch bracelets . . . 
rugged, heavy-duty truck brake lin- 
ing—-a wide range of parts like these 
are being fastened safely and eco- 
nomically with Milford Rivets and 
Rivet-Setting Machines. 

Call on Milford’s versatility and 
skill to adapt a basic rivet-setting 
machine to your particular require 
ments—call on Milford to solve your 
fastening problems and come up with 
substantial savings. 

To cut production costs, improve 
product appearance, fasten assem- 
blies automatically—get in touch 
with Milford! 


MODEL 300-BH 


Rivets deep 


hollow shapes 


automatically ( 
- 


Sets two rivets Sets heavy duty rivets 
in one operation rapidly, automatically 


MILFORD 


MILFORD RIVET 
& MACHINE CO. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 


Twelve-page pamphlet provides data on 
standard models, miscellaneous designs 
and special relays, as well as other in- 
formation. G. H. Leland, Inc. 
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PRECISION ELECTRICAL COMPONENTS 

Expanded line of precision electrical 
components for industrial control, guid- 
ance, telemetering and other equipment 
detailed in 4-page bulletin G-3 includes 
encapsulated wire-wound resistors, en- 
capsulated toroid coils, miniature mag- 
netic clutches and precision wave filters. 
Additional specifications are given for 
miniature toroid power transformers, 
magnetic amplifiers, and other com- 
ponents, Hycor Div. of International 
Resistance Co. 
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SWITCHES.—Available models of lever, 
turn, push and interlocking pushbutton 
switches are shown and described in a 
20-page catalog. Typical series include 
illuminated push and turn switches, 
short frame push and turn switches, 
heavy duty gear shift lever switches, 
and many varieties of telephone-type 
and other switch types. Donald P. Moss- 
man, Inc. 
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SHADOW - FREE ILLUMINATION 
Shadow-free illumination for technical 
photography and other uses, including 
general laboratory applications, patent 
application photographs, etc., is said to 
be provided by the Type B light source 
described in a 4-page illustrated bro- 
chure. By producing shadow-free light- 
ing with respect to a recording device 
placed in its aperture, the unit is said 
to cut down on retouching cost and re- 
quire reduced operating time. Circuit 
designed, approximate light distribu- 
tion and general specifications are pro- 
vided. Hinelight Corp. 
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GERMANIUM P-N-P ALLOYED JUNC- 
TION TRANSISTOR —Tentative specifi- 
cation bulletin provides data on a 
series of germanium p-n-p alloyed junc- 
tion transistor for high-speed computer 
service and other electronic applications. 
Hermetically sealed in metal case with 
glass header, transistors are available 
in 4 models. Average characteristics and 
typical operation data are provided. 
General Transistor Corp. 
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RIGHT-ANGLE GEARMOTOR — Four- 
page booklet presents the Type R right- 
angle gearmotor designed for applica- 
tions requiring 1-30 hp. By means of 
photographs and diagrams, the construc- 
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* Control Components Digest + 


News and notes on resistors, rheostats, relays, motor controls, dimmers and other control components 


SYLVANIA’S SOFT BLUE MERCURY VAPOR LAMPS are seen on many modern thorough- 
fares. Integral Ward Leonard resistor in each lamp contributes to reliable operation 


Improved mercury-lamp design features sealed-in resistor 


Seal it in and forget it, for the 
lamp’s life of 6000 hours plus! 

That's the way engineers at Syl- 
vania Electric Products Inc., Salem, 
Mass., treat the current-limiting re- 
sistors in their modern, improved 
mercury-vapor lamps. 

And, naturally, for the heavy-duty, 
heat-, moisture- and ultra-violet proof 
starting resistors, to be sealed up in 
these lamps, Sylvania engineers chose 


NEW MINISTRIP RESISTOR 


Failure-free parts 
key to system reliability 


{oughly spe aking 
lot of 
double the number of 


and skipping a 
ubtleties ) if 
yarts in 


mathematical you 
a COTM 
plex system—other things being the same 
—you'll cut in half its life expectancy. 
The modern trend is toward more and 
more complex jobs for electrical and 
electronic gear. Doubling—and more 
the number of parts goes on all the time 
And yet it’s vitally important that over- 
all system reliability not be impaired. 
That’s why at Ward Leonard you'll 


find such painstaking attention devoted 


SERVICE CARDS 


Ward Leonard Vitrohms. 

These rugged resistors not only 
take the temperatures (to 750° F 
but are immune to the heavy vibra 
tion encountered on or near bridge: 
ramps, railroad crossings or heavily 
traveled highways 

Why not let a Ward Leonard en 
gineer show you how Vitrohms can 
solve your resistor problem, Write to 
day for complete information 


New miniature power resistor 


A new 20-watt Ward Leonard “Mini 
strip” resistor is now available 

Recommended where space is limited 
made in 
quality, the new resistor features lov 
2-5/16 in 
between centers) and an oval shape a 


but where no sacrifice can be 
built-in mounting brackets 
core for maximum strength 


Stock 


ohms; 5°% 


resistance values to 50,000 


tolerance 


to increasing the reliability of our prod 


ucts. From incoming raw material to fin 
ished p irt, our careful attention to ever 
phase ot production and every in per 


tion and test assures you of a product 


you can count on in your system 


CHECKING CON- 
TACT PRESSURE oni 
a Ward Leonard , 
one of the 
100% 
spections 
tests that 
its final quality 


relay 
many in- 
and 


assure 


PRECEDING BACK COVER 


USS FORRESTAL. Photo courtesy Newport 
News Shipbuilding and Dry Dock Company. 


MAG-A-TROL for USS FORRESTAL 

Precision-controlled lights guide pilots 
to the flight deck of the USS Forrestal, 
largest aircraft carrier, 

The new carrier uses Ward Leonard 
magnetic-amplifier-type dimmers to in- 
sure correct light intensity on the flight 
deck at all times. 

Besides the Forrestal’s magnetic am- 
Ward makes 


ill ty pes ot lighting controls ( autotrans 


plifier dimmers Leonard 


former reactance and resistance ) for 


fluorescent or incandescent lamps 


Design aid for intermittent duty 

A power resistor used only intermit- 
tently may be used at wattages in excess 
ot its 


continuous-duty rating 


\ 


RATING 


OF SINGLE UNIT 


PERCENT 


10 5 5s 


eo ” @ 4 » 


A ill he Ip ce signers 


curve above 
ilowable dis ipation increases for 

onard Vitrohm and Ribflex re 
duty cycles, As 


maximum temperature rise 37 


ws tor variou sumed 
5 ( re 
Ole of many 


istor spacing ; 2% in, This is 


useful curves contained in our 64 page 


Catalog #15—ask for it today. 67 


WARD LEONARD 
ELECTRIC COMPANY 
34 SOUTH ST., MOUNT VERNON, W. Y. 
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tion operation of the gearmotor is 


deseribed, including the double-envelop 
ing gears used in the new unit. Also 
provided is a chart showing relation 
ship between output torque capacity 


and total gear ratio. Westinghouse Ele« 
tric Corp 
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~~ —<£ Wwe Only COMPLETE TWO - eapcnagae - OFF 
COIL FORM SERVICE ies O10 an 620 worm 


solenvid-operated shut-off valves for 

$000 psi hydraulic service are described 

; in a new data sheet. Line has a straight 
Auailale . a0 through port construction with threaded 
connections for 44, %, and '%4-in. tube 

sizes. Specifications are listed and ref- 

erence made to military specifications 

met by the line. Dimensions are given 

and a graph giving pressure drop vs 


flow rate are also included. Aircraft 
Products Co. 


“a f 
a ae ae "(mw 
ee eS TEMPERATURE TEST CHAMBER—O) 


a RESINITE < erating principles and design features 
mete ae tk , of the TC-2A temperature test chamber 


are reviewed in a 6-page bulletin that 


« BOBBINS lists complete specifications as well 


maintenance information on the testing 


ye rR e MANDRIL unit. Illustrations and diagrams are 
SQUARE AND RECTANGULAR TUBES SERVICE Bl provided, Statham Development Corp. 


Circle No. 159, Reader Inquiry Service Cards 
Produced in any length, shape or size from '%" to preceding back cover 
; . : a a - e FABRICATING 
8", wall thickness from .010 to .125. Fabricated 


from dielectric kraft, fish paper, quinterra or com- SERVICE MIDGET MERCURY PLUNGER RELAY— 
binations, including mylar. Bowed sidewall 


Description, complete technical data, 
Di-Formed construction. 


and illustrations of the midget Minire 
ROUND TUBES . lay mereury plunger relay are con- 


) 


Produced in any decimal size up to 8” I. D. Fabricated tained in a 2-page brochure covering 
from kraft, fish paper, cellulose acetate, mylar, polysty- operational and construction details 
rene, quinterra, fibre glass and other dielectric materials. load ratings and typical features. The 


RESINITE COIL FORMS 


These coil forms have the highest resistivity of any res- 
inated product. Furnished plain, embossed, internally 
threaded or triangular shape... also flyback trans- 
former forms 


‘ relay is rated for loads up to 20 amp 
at 115 volts a-c and may be had either 
normally open or normally enclosed 
Ebert Electronics ¢ orp 
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~enanereng PHASE COMPARATOR—() i 
Supplied round, square or rectangular. Cores fabricated anPperation an 


from any of the above materials. Metal, asbestos, plastic applic amene of a phase comparator, 
or fibre flanges. Constructed to fit smaller spaces and Model 201, designed for precision 
permit multiple winding measurement of phase relationship in 


analog computers, transformers, servo 


MANDRIL SERVICE mechanisms and the control systems, is 


Accurately ground steel and aluminum coil mandrils at the subject of Publication No. LP 3525 
cost economy comparable to commonly used undepend- Fas 


gineering information is also pro 
able wood or undersized steel mandrils 


vided on the Model 214 power supply 
FABRICATING SERVICE spec ially de sipene d for Use with the 
We have modern high speed equipment to provide you phase comparator but which may be 


with any special shape or form... . rolled, spun, flared, used independently. Link Aviation, Inc 


punched or formed to your particular requirement Circle No, 161, Reader Inquiry Service Cards 
preceding back cover 


Ask about Precision’s complete coil form service. 


Request informative bulletin. AUTOMATIC DIGITAL TEST INSTRU 
MENTS—Digital voltmeters, ohmmeters 


readouts, and data reduction systems 


v7 TUT A DAO sone tle broticstevienet in 


’H-page catalog Additional products 


2035 W. CHARLESTON ST. CHICAGO 47, ILL. described include peak reader systems 
P Plant No. 2: | Flower St., Hartford, Conn digit il recording -Vstem a-c/d-c cor 


pe 
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Simple Arithmetic... 
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in Stainless SHEET Costs! 


Now You Can SAVE $200 Per Ton! 


Many designers and fabricators who are 
currently using Type 302 stainless can, in 
numerous applications, specity Type 430 
straight chromium stainless and take 
advantage of the 10 cents per pound dif- 
ference in base price. Some of our cus 
tomers are already saving more than $200 
per ton using our 430 MicroRold stain- 
less sheet. 

The steel industry estimates that 50% 
of all stainless sheet applications could 


satisfactorily employ Type 430, the least 


expensive of all stainless grades, as an 
economical and practical material. When 
properly applied, Type 430 has all the 
desirable qualities of beauty, corrosion re 
sistance, strength, long life and low main 
tenance that no other material, except 
stainless, can offer. 

We are currently producing our 
MicroRold Type 430 sheets in thick- 
nesses .005” to .109” with 2B or 2D 
finishes; and in thicknesses .010” to 
.109” in No. 3, 4 and 7 finishes. 


Send for Your copy, “Care and Use of 430 MicroRold Stainless Steel’’ 


Washington Steel Corporation 


6-BB WOODLAND AVENUE, WASHINGTON, PA. 
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_.. the shock and vibration resistance 














of Chemelec Insulators _, 


473 
7G 


Withstanding rigid government tests for mechanical and 
thermal shock, vibration—Chemelee Stand-off and Feed- 























through Insulators, made of duPont TEFLON, are replacing 








brittle materials in many critical electronic circuits. 








Compression mounting cuts assembly time and labor to a 





fraction— permits use of these high quality insulators with- 






out inereasing costs. Available in the 8 standard RMA colors, 





maintaining the same specified electrical characteristics. 








Write for Catalog EC-1153. FLUOROCARBON PRODUCTs INC., 
Division of United States Gasket Company, Camden 1, N.J. 































we J] 
SAE, hon. TVA WA 





















verters and binary decimal converters 
Principles and applications of digital 
voltmeters are discussed. Plant facilities 
are reviewed. Non-Linear Systems, Inc. 
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NICKEL-CLAD COPPER WIRE—Techni- 
cal Bulletin T-3 describes nickel-clad 
copper wire combining a core of oxy- 
gen-free, high conductivity copper with 
a metallurgically bonded sheathing of 
A nickel. Most applications use one 
of two grades; 20 per cent nickel and 
73 per cent copper; or 64 per cent 
nickel and 36 per cent copper. The 
soft 27 per cent nickel-clad copper is 
being used for lead wires on electronic 
tubes, electrical appliances, and other 
electrical devices. Alloy Metal Wire 
Div., H. K. Porter Co., Ine. 
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GLASS-REINFORCED POLYESTER LAM- 
INATES—Haysite glass-reinforced poly 
ester laminates and molded items are 
the subject of an illustrated catalog. 
These laminates and molded items are 
produced by combining alkyd base 
polyester resins, inorganic powered 
fillers, and glass reinforcements. The 
material is thermosetting in nature. 
Haysite is said to satisfy requirements 
of NEMA grade classification GPO-] 
Hays Manufacturing Co 
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MAGNETIC COUNTER COMPONENTS— 
Application of magnetic shift register 
assemblies in magnetic counters is the 
subject of Bulletin No. 551, which pro- 
vides data on the operation of two types 
of manufacturer’s standard counters 
and illustrates a typical decimal counter 
decade circuit. Sprague Electric Co. 
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PERMANENT-MACGNET D-C MOTORS— 
Conden ‘ | catalog dese ribes line of 
fractional-horsepower d-c  permanent- 
magnet motors, as well as gear heads, 
centrifugal blowers, and tachometer 
generators. All are designed for air- 
craft or industrial equipment, with 
many possible combinations of voltage, 
output and speed. Motors are available 
with voltages from 6 to 115 volts d-c, 
with outputs up to 1/10 hp and speeds 
from 5000 to 20,000 rpm. Aircraft Con- 
trols Div., Barber-Colman Co. 
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STANDARD PRINTED-CIRCUIT TOL- 
ERANCES—Data provided in “Standard 
Printed-Circuit Tolerances,” are said 
to represent results of many years of 
production experience coupled with the 
cooperation of electronics manufac- 
turers Technical Bulletin P-9, includes 
JUNE 
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To disconnect DC generators 
from the batteries which 
they are charging when 
current flows from the bat- 
teries to the generators. 


ASUG 


the one source for 
RELAYS 


that offers engineers 





Ele yf RK 
Extremely sensitive, for high 


° speed response. “Brushing” 
+ op age of control leads — even 
complete design flexibility momentarily — provides posi- 
tive relay operation. Avail- 


able, too, with time delay 





The designer confronted with the specification of a relay has a genuinely 
unusual opportunity when he discusses his problem with an ASCO engi- 
neer. For the ASCO representative can suggest a relay for use as a unit, or 


That handle motor loads 
directly. Simple screwdriver 
adjustment makes possible 
delays from 42 to 6 seconds 
at any standard voltage. Used 
extensively on new brake 
winding motors 


as a control panel component, and meet the designer's need exactly 


ASCO offers both magnetically and mechanically held relays 
both available with up to 12 poles normally open or normally 
closed — in 10 and 25 ampere sizes, AC and D¢ 


In addition, ASCO lists a highly diversified line of special pur 
pose relays as standard catalog items 





Finally, should any of these relays fail to meet specialized require- 
ments — ASCO will design and manufacture one or more that will 


"4 


And most important — ay 
Operate on voltage or current 
differential of 2 less if 
required, Adjustable drop- 

out is standard. Adjustable 


pick-up is available 


For assured performanc e, ASCO Relays are current and voltage rated 

make” and “break”. Almost unlimited pole combinations mean fewer 
relays in a system — more reliable operation. Adaptability of many proven 
contact materials, arcing contacts, blowout coils and Ciass H insulating 
materials to ASCO Relays means suitability for all applications 





With this complete flexibility the designer can select a relay that meets 
his requirements, rather than have the relay limit his design. 










There's one source that solves virtually any relay problem — ASCO 
Why not have the ASCO engineer call — or write outlining your relay 
problem. We'll be pleased to assist you. ‘Coil-less” type, designed 
to function like a current 
transformer. Load cable 
through relay provides mag 
netic field for relay operation 


atte 


PeCrlry 







Many application requirements are met and sur- 


This standard ASCO Mechanically Elect romagnetic TCS 





passed with standard ASCO Magnetically Held Re- Held Relay—Bulletin 1256 —with- 
lays. For example, the Bulletin 1055 Relay adapts stands severe shock and vibra- 
readily to such specialized contro! applications as tion—is used extensively for mo- 
control circuit transfer relays and mechanically bile units, central station control 


interlocked relays for reversing motors. units and circuit transfer relays 








WHY... 


has this time delay relay 
aroused such interest? 


@ May be ENERGIZED CONTINUOUSLY does not 
require auxiliary lock-in circuits . . . a load car 
rier in itself 
SNAP-ACTION contact speed .. . up to DOUBLE- 
PoLe, DousLe-THrRow switching. 

SimpLE HERMETICALLY-SEALED time element. . . 

long life stability. Not subject to aging or fatigue. 

Low Cost as a unit; even lower considering sim- 

plified installation 

The NAME... Silic-O-Netic Time Delay Relay 
.. Meaninc: SILICone controlled, magNETIC 

flux variation 

It’s New the Type “A” Silic-O-Netic Relay 

is a vastly improved model 


STRAIGHT FACTS 


Time Delays from '4 to 120 seconds 


Small size Overall dimensions 
ie xn 2” 2 1% Weight 3 ozs 


Operation aba eel ae lallal 11 


Write for Bulletin T-5002 ibbietlia AeddieaddiAieh ld belli ee 
contact pressure 


fot-Till amma] +)-14in7 ] at 120 volts 
AC (Non-inductiv D.P.D.T 


HEINEMANN 


ELECTRIC COMPANY 
99 Plum St., Trenton 2, N. J. 


27% 


data on diameter tolerances of un- 
plated and plated holes; location tol 
erances between holes; hole to pattern 
tolerances; alignment (front to back) 
tolerances; and circuit pattern to out- 
side dimension tolerances. Additional 
information is provided on overall di 
mension tolerances; holes to outside 
dimension tolerances; and other speci 
fications. Photocircuits Corp 


Circle No. 167, Reader Inquiry Service Cards 
preceding back cover 


RERATED MOTOR LINE Pechnical 
data sheet provides dimensions and 
reference drawings for ACEC motors in 
the rerated NEMA frame dimensions. 
Data are provided for motors rated 
from | through 30 hp, in frame sizes 
182 through 326. ACEC Electric Corp 


Circle No. 168, Reader Inquiry Service Cards 
preceding back cover 


ELECTRONIC ANALOG COMPUTERS— 
Analog computers described in a 12- 
page catalog are electronic types es- 
pecially suited for high speeds, repeti- 
tive operation but also useful at medium 
and low speeds. The computers are 
assembled from modular elements 
Text and illustrations point out appli 
cations. George <A. Philbrick Re 
searches, Ine. 


Circle No. 169, Reader Inquiry Service Cards 
preceding back cover 


ELECTROPLATING WITH RHODIUM 
Complete with application data, illus 
trated 20-page handbook lists physical 
properties of rhodium and points out 
its usefulness for thin electrodeposits 
within a range from 0.001 to 0.000001 
in. Electrical properties of rhodium are 
said to make it well suited for electrical 
and electronic applications, particularly 
wherever a low-resistance, low-wearing 
oxide-free contact is required. Baker & 
Co., In 


Circle No. 170, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE INVERTERS Miniature 
Synchroverter switch is a_ polarized 
single-pole, double-throw nonresonant 
chopper that provides  break-before 
make action in synchronism with the 
current wave of the driving source. It 
converts low power d-« signals inte 
alternating voltages that can be ampli 
fied and applied to electronic, electrical 
and servo systems. Additional applica 
tion data, design features and complete 
specifications are provided. The Bristol 
(lo 


Circle No. 171, Reader Inquiry Service Cards 
preceding back cover 


INVESTMENT-CASTING DESIGN MAN- 
UAL Design data developed ove! i 
period of more than LO years experience 
in produc ing investment castings are 
outlined in a 40-page booklet. Typis al 


physical, mechanical and chemical prop- 





CLEANING THE INSULATION from enameled magnet wire, laboratory technician prepares to 


check conductor to see that it measures correctly after running through insulating machine 


CHECKING MAGNET WIRE FOR UNIFORM DIAMETER 


She can help you get firmer coils in your winding room 


One of the most important proper assures that the conductor stays See the Man from Anaconda and 
ties of magnet wire—if you are to within specified tolerances during arrange a production run in your 
get good winding room perform- manufacture winding room. Anaconda Magnet 
ance, firm coils 1S uniformity of Constant check on quality of Ana- Wire can he Ip you eliminate incom 
diameter conda Magnet Wire from raw ing Inspection, cut rejects, get long 
To be sure you get uniform material through manufacture to er break-free runs. Offices in 27 
diame ter in Anaconda Magnet fini hed product and pack iviInv—IS cite ce ; Anaconda mi your 
Wire, samples from every machine one reason why Anaconda wire ha phone directory. Anaconda Wire & 
are checked every day in our oO many booster unong winding Cable Company Magnet Wire 
Quality Control Laboratory. This room uperintendent he idquarter Muskegon, Mich 


SCHEDULE A PRODUCTION RUN OF A NACO N DA 


QUALITY-CONTROLLED MAGNET WIRE 





TT CER 


TIME DELAY RELAYS 

5900 Series: For time delay or 
interval timing in ranges from 
0 to 10 minutes. 


n 
INTERVAL TIMERS 
8006 Series: Times intervals from 
60 seconds to two weeks with 


exactness 


ELAPSED 
TIME INDICATORS 
5700 Series: Registers passage of 


time in minutes and tenths of 


minutes and hours with mathe- 


matical regularity 


TIMING MOTORS 

Compact HAYDON Timing Motors 
that can be operated continuously 
in any position drive all HAYDON 
Timing Devices. HAYDON spe 
cializes in timing; engineers and 
builds only timing components; 
has the “know how” to put time 


to work for you 


TAKE TIME NOW to write for the 
name of your HAYDON Timing Specialist, 


and for HAYDON Catalog 


A SUBSIDIARY OF GENERAL TIME CORP 


AT TORRINGTON 


TIM J | G {2530 ELM STREET, TORRINGTON, CONN. 


| Send me “Electric Timing Devices” catalog 


[} Send me name of HAYDON Timing Specialist. 


NAME 
rivte 
@ COMPANY 
. CO. ADDRESS 
e cry 
> 
_- 


*Trademark Reg ZONE STATE 


U.S. Potent Office 
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tages of beryllium 


eee een e* | HAYDON Manufacturing Company, Inc. 


erties of 26 investment-casting alloys 


are included Recommendations on 
designing for the investment-casting 
process are included, together with a 
review of applications for which invest- 


ment castings should be considered. 


Illustrated case histories show some of 
the parts produced in quantity by fabri- 


cators investment-casting methods. 


Haynes Stellite Co 


Circle No. 172, Reader Inquiry Service Cards 
preceding back cover 


COPPER ELECTRICAL CONDUCTORS 

Designed to make the selection of bus 
conductors easier, 62 page public ation 
1-25, on electrical properties and uses 
of copper and copper alloys includes 
tables on such shapes as channels, 
ventilated square tubes and round tubes. 


Other tables provide data for other 


rigid bus conductor shapes and for bare 
copper wire and cable, as well as for 
the most commonly used alloy wires 
The American Brass Co 


Circle No. 173, Reader Inquiry Service Cards 
preceding back cover 


HERMETICALLY SEALED TERMINALS 


Compression seals, multiple headers 


sealed terminals and 
among the products listed in 
catalog tabled for convenient 


also provided on 


capacitor end 


seals are 


a large 
reference. Data are 
threaded seals, transistor closures, mini 
ature closures and color-coded _ ter- 
minals. Standard types are available to 


solve most sealing requirements. In 


formation is provided on special-appli 
cation and custom seals. Electrical In- 
dustries Div. of Amperex Electronic 


Corp 
Circle No. 174, Reader Inquiry Service Cards 
preceding back cover 


STOCK ELECTRIC MOTOR COMPON- 
ENTS— | welve page catalog is devote d 


to internal and external thread brush 


caps and brush holders and a line of 


molded commutators with or without 


Data are presented in a series 


prongs 
of charts containing information on 
range of sizes of interest to specifiers 
and producers of fractional-horsepower 


motors. Midwest Molding & Manufac 


turing Co 


Circle No. 175, Reader Inquiry Service 
preceding bock cover 


Card 


BERYLLIUM COPPER SPRINGS FOR VI- 
BRATION CONTROL —Use and advan 
copper springs in 
vibration damping devices are detailed 
in a 4page technical bulletin by means 
of a case history of a mount employing 
i double damping system. Coil spring 


tempers the emotion of a convexed-con- 


tion protection and equipment stability 


in aircraft and missiles. The Beryllium 


Corp 
Circle No. 176, Reader Inquiry Service Cards 
preceding back cover 
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MaiconY 


J 


Mallory 1000 Metal counter- 
weight, for an aircraft control 
mechanism, is produced by con- 
tour pressing at one-third the cost 
of machining froma solid blank. 


Mallory Contour Pressing Cuts Costs 


of High Density Metal Components 


“eso SHAPES of high density Mallory 
1000 Metal, for use in counterbalances, 


contour pressing sharply reduces the amount 
and the cost of final grinding or cutting. 
counterweights and similar mass components 


The unique combination of strength, density 


can often be manufactured without any rough 
ve ; and uniformity offered by Mallory 1000 
or finish machining. 


makes it industry’s top choice for weight 


oe : ‘ elements in aircraft controls, gyroscope rotor 
lhe exclusive Mallory contour pressing tech | 

. a OF ; and similar devices. Strict quality control 
nique* permits forming, inasingle, economical! / 

; during manufacturing assures rigid adherence 
operation, a wide range of complex shapes 6 th 
; ; . to specications, in each piece and througn 
from Mallory 1000 Metal. Dimensions and | . | 

: ee out every lot 
surface finish are held to close tolerances that 


are ample for many types of products, with Write to Mallory today for information on 


no subsequent machining being required. our contour pressing facilities, and for tech- 


ven for extremely close tolerance parts, nical data on Mallory 1000. 


In Canada, made and sold by Johnson Matthey and Matllor 
110 Industry Street 


See ee = Expect more...get more from 
Serving Industry with These Products: F 


P._R.MALLORY @ CO. inc 
Electromechanical— Resistors * Switches * Tuning Devices « Vibrators 
Electrochemical—Capacitors « Rectifiers * Mercury Batteries } i O re 
Metallurgical—Contacts * Specia Metals © Welding Materials ‘ 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 


READER INQUIRY SERVICE CAKDS, PRECEDING BACK COVER 








3 Relay Types 
by FILTORS,!Nc. 


Now a Leader in the 
Sub-Miniature Relay Field 


SOHOSHSHSSSHSEHHSESESESESESE 
NEW-—DPDT SUB-MINIATURE 


Actual Size 
Engineered for critical 


Airborne and Guided 
Missile Applications 







TYPE: M26FC6 


CONTACT RATING 

2 A. Res. at 26.5 vie 
or 115 wae 

Dia 645 

Mtg. Cirs 87 


Shock 0G x 
Vibration 10 G at (i 
5 to 2000 eps Y é 
Amb Temp 65°C 1 / 
125°C rs Y — 
Weight: 1.4 oz S(O} 


NEW-LATCHING 


Magnetically Held— 


Electrically Reset 


UNBELIEVABLY SMALL 
FOR A 

LATCHING 

RELAY 


TYPE: L26F18 
CONTACT RATING 
1A. Res. at 26 5 


SUB-MINIATURE 
6POT 


Actual Size 







vde or 115 wae 
Mig. Ctrs 

1 406 
Shock 0 6 
Vib 10 G at 5 

to 500 eps 
Amb Tome 

to 25° 
(Also available in 

2P0T and 4P DT) 
Weight: 3.3 oz 


SUB-MINIATURE 4PDT 


The Smallest 
Hermetically-Seale 
4PDT Relay 
Available Today 
TYPE: 265R12 
Mtg. Cire 


1.406 
Shock: 50 G 


Actual Size 







Vib: 106 at 
> to S00 eps 
Amb Temp 
65°C to 
25 ¢ 
Weight: 26 


~~ “ , 
ORF 


MIL SPECIFICATIONS 
All Made to MIL-R-5757B and MIL-R-25018 
(USAF) 


DRY CIRCUIT RELAYS AVAILABLE 
IN PRODUCTION QUANTITIES 








Write Today For New Catalog Listing 
Sales & Engineering Office Nearest You 


FILTORS, INC. 


30 Sagamore Hill Drive 
Port Washington, L.1., N.Y. 


Canadian Office 
MJS ELECTRONIC SALES, LTD 
P.O. Box 240, Ajax, Ontario 
Tel.: EMpire 8.3806 
Export Office 
MAURICE |. PARISIER G CO 
1860 Broadway, New York 23, N.Y 
Cable Address 
MIPARISIER NEW YORK 
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Editorial Reprints 








As manuscripts are projected for pub- 
lication in each issue of ELecTRICAL 
MANUFACTURING, the board of editors 
determines which editorial article are 
to be made available to readers in re- 
print form 


Available reprints of articles in this 
and previous issues are briefed here. 
Any regular EvectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 


The numerals shown in reprint list- 
ing correspond to the numbers shown 
on posteards incorporated in the Reader 
Inquiry Service Cards facing back cover 
page. Readers should circle those num- 


REPRINTS NOW AVAILABLE 


Corona Properties of Insulating Mate- 
1956, 12 pages. Test 


given and interpreted 


rials, June 
results are 
as derived from an exhaustive pro 
gram in which 26 materials were 
investigated for their corona proper 
related to 
ionization of 


ties. Corona tests were 
inherent or intrinsic 


the materials relative humidity 


and water conditions 
60-cvele 


ditions 


HWnmersion 
and high-frequency con 
Inclided in 
this reprint is a report, “Plastics 
Arc-Quenchers for Small Breakers,’ 
describing al 


among others 


means for 
(217) 


( hemic al 
are interruption 


Arc Suppression with Semiconductor 
1956, 8 pages. Tab 
ular and graph data with design 


Devices, Jun 
procedures in the application of 


germanium or selenium rectifiers 


in arc suppression (contact protec 
tion) circuits (218) 
Machine Tool Electrical Standards, 
June 1956, 20 pages. The latest 
version of these standards, as ap 
proved by the National Machine 
fool Builders Association on March 
1, 1956, are reprinted in full. (219) 
Statistical Approach to R & D Testing, 
May 1956, 8 pages. Discussion of 
the role that statistical analysis can 
play in reducing cost and saving 
time in solving engineering prob- 
lems in research and development. 
A typical research problem is de- 
scribed and its solution explained. 


(216) 


Selenium Rectifiers for High Tempera- 





bers indicating the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities. 
special quotation. 





Cost of 
Single Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 

] Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 





tures, May 1956, 8 pages. Review 
of work done at Battelle for the 
Signal Corps to determine deterior- 
ation factors at elevated tempera 
ture for both conventional and 
high-temperature rectifiers that also 
served as basis of proposed MIL de- 
rating curves. (215) 


Evaluating Motor Noise, May 1956, 
12 pages. Octave-band analysis ex- 
plained to aid heavy equipment 
manufacturers in heading off cus- 
tomer complaints of noisy operation, 
where primary noise source is an 
induction motor. (214) 


Zinc Die Castings, April 1956, 12 
pages. Physical properties of three 
metals compared, design data pre- 
sented, case histories in business 
machine and electronic product 


field. 213) 


Dielectric Properties of Casting Resins, 
April 1956, 8 pages. Tabular and 
graph data on effects of high humid- 
ity on dielectric properties of epoxy 
and polyester compounds are pre- 
sented in a Naval Material Labo- 
ratory report. 212) 

Simplification of Control Circuits, 
April 1956, 8 pages. Reliability 
problems dealt with in five examples 
taken from diverse fields involving 
complex relay circuits. 211) 


Special Purpose New Plastics, March 
1956, 16 pages. Properties and ap 
plications of molding compounds, 
moldable sheet, elastomeric com 
pounds, specially developed to meet 
severe performance requirements. 
Included are the dially] phthalate 
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READER INQUIRY 


| 
\\ 

win IN 

| Ww 


HE ON 


SKF° Has Them Ail 


If you want to be sure you are putting the right bearing in the 
right place in your product, check with @0c —the one bear- 
ing manufacturer selling all four major types of anti-friction 
bearings. From this single source, you quickly and easily get 
unbiased advice based on the broadest experience in the anti- 
friction field. SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 


aK 


Ball Bearings} Cylindrical Roller Bearings 
Spherical Roller Bearings ga “Tyson Tapered Roller Bearings 3 





SERVICk CARDS, PRECEDING BACK COVE 


! 'New ULANET FM Thermostats | resins, epoxy-molding compounds, 


arc-resistant phenolics, glass-filled 
phenolics, glass-silicones, silicone- 
| protect and control ennai. bearing alloys, conductive plastics. 
(207) 
| equipment and processes — | 


= Components for Transistor Circuits, 
I SE ON RN SD See ERE ee ST ey eS es Sere eee es ee March 1956, 12 pages. Review of 
representative components devel- 
oped under the cognizance of the 
Signal Corps Engineering Laborato 
ries especially for use in transistor 
circuits for military applications. 


(208) 







Mountings 


to meet all Adhesives as Design Tools, February A j 
1956, 12 pages. Applications and 


7 — 
requirements “Wi, iL only UL 
advantages of adhesives in the de- 
LE not sign of electrically energized equip- 
ment are discussed, Basic proper- 
affected 7 ties of major classes of adhesives 
ss ae 


are summarized, optimum combina- 
tions of adhesives and specified 
surfaces are charted, selection fac- 
SPECIAL HIGH TEMPERATURE tors are analyzed. Applications de- 
STRAIN RELIEF PROTECTED scribed. (206) 
LEAD WIRES 


Squirrel-Cage Induction Motors Under 
. Duty-Cycle Conditions, February 
Rapidly respond to extremely close 1956, 12 pages. Formulas are de- 


temperature variations in: rived for calculating rotor accelera- 


tion and deceleration losses as well 


[ | Q) UJ | f) S, SO | | D 2. GAS f st as stator losses, then translated into 


temperature rise, which determines 


HEATED SURFACES AND Scien uk os somes Gaile 
AMBIENT TEMPERATURES 


Artwork Procedures in Printed Wiring, 


January 1956, 8 pages. An analysis 
ee ee eee 1 , Ne > . » ali 
‘ig R AT \ N G | * EASY TO ADJUST OR SET BY ACCES- of the ce pe nde nce of = a 
| 1200 WATTS { SIBLE SELF-LOCKING ADJUSTMENT and preciseness ot the finishe 
ap sagecha lel SCREW printed wiring board on the original 

115-230 VOLTS ac | artwork procedure for making the 
7 TEMPERATURE | @ VIBRATION AND SHOCK RESISTANT master drawings. Design consider- 
RANGE | ations are dis¢ ussed, and several 
| 0° to 600° F | @ COMPLETELY SEALED methods for single-board, short-run 
| yy te Ow 7 @ PROVED IN SERVICE and high-production output are 
a en ee as a described and illustrated. (209) 
Precision Potentiometers—Characteris- 

Iwo of the exclusive features of the 2. Lead wires are mechanically strain 


Ulanet FM Thermostats are relief protected to prevent external tics and Limitations, January 1956, 
movement of the wire from being trans 12 pages. Review of various types 
1. The complete lack of reliance on the ferred to the contact members in the 
expansion ot the outer she il for make . . 2 ¢ 
I enclosure tions and terminology (204) 
and break of contacts. This permits 
The relatively low cost and stamina of 


of precision potentiometers; defini- 


greater mounting flexibility and free these units merits your immediate fur Magnetic Amplifiers in Industrial Con- 
dom trom erroneous operation when 


ther investigation, Ulanet engineers trol Systems, Parts I and II, No- 
a ° oe 
will be glad to consult regarding spe : 


> . Ce Tr 955 
he applied to the outer shell during us¢ cific applications vember and December 199, 16 
pages. Describes in fundamental 


RUGGED...SENSITIVE... COMPACT terms the operation of basic mag- 


netic amplifier circuits, then pro- 
P4 GYeare 4 feat Control toes ceeds to explain the many auxiliary 


clamped or when slight pressure might 


windings that may be added to 
convert the basic unit into a high- 
precision regulator. Circuits for 


GEORGE U LANI ET | 1 actual regulators are given. (210) 
COMPANY 


Digital Computer Principles, Decem- 
ber 1955, 12 pages. This primer 
establishes elements of the binary 
number system, treats decimal] to 


Thermostats, Thermal Timers 
ELECTRIC HEAT CONTROL 


\ 
| 
| 
| 
Ae 420 MARKET ST. NEWARK, N. J. | binary conversion, and _ provides 
a ek computer definitions and symbols 
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know @ @ ® about Star’s fabricating facilities for producing 


small electrical porcelain parts. There is practically no limit to 


the variety of shapes we can turn out to meet your simple 








STAR 


es rr = ue or intricate specifications precisely . . . economically. 
a 


More than 25 automatic presses, operating 24 hours a day 
are available to turn out millions of small parts. This means 


lower cost to you. . . faster service. Write for complete 





details, and a generous assortment of samples. 


FOR YOUR ENGINEERING FILES... 


These Star Lavolain® Cata- 


log Sheets contain complete 


engineering specifications 
for center and insulating 
bushings, and insulating 


washers and bushings. Write 7 
for your copies today. DO rce | a | Nn CO mM D a n y 
There’s no obligation, of 


onahie 41 MUIRHEAD AVENUE, TRENTON 9, N. J. 


California Representative: Edwin E. Starr, 4101 Rhodes Ave 


North Hollywood, Cal STanley 7.5879 


RI QUIRY SERVICE CARDS, PRECEDING BACK COVER 





A “must” for designers of control 
systems employing computer tech- 
niques and components. (203) 


System for Evaluating Electronic 


for ov iG ee Components, December 1955, 8 


pages. Describes systematic method 

of components selection based on 

STYLING numerical values for five attributes: 
reliability, availability, compatibil- 

ity, economy and reproducibility. 

Weighting factors are assigned for 

conditions of operation. (202) 


Research Progress in  Dielectrics— 
1955, December 1955, 12 pages. 
The latest article in the annual 
series of reports on the meeting of 
the Conference on Electrical Insula- 
tion. The on-the-spot summary and 
interpretation highlights work done 
on corona effects; breakdown studies 
in gases and liquids; silicone mate- 


rials and ferroelectrics. (201) 


Simplified Design of High-Tempera- 
ture Transformers, November 1955 
12 pages. Detailed procedure for 
estimating temperatures and tem- 
perature gradients in power trans- 
formers for electronic equipment. 
Charts, diagrams and a nomograph 
are used. For power outputs to 5 
kva, voltages to 50 kilovolts, fre 
quencies from 25 to 2500 cps; at 
mospheric pressure as low as 1.32 


in. of mercury (70,000 ft altitude 

t U REZ and temperatures up to 200 C. (232) 

; : ; Nucleai Batteries, November 1955, 8 

offers industrial designers pages. Progress report from Wright 

} Field on the development of power 

c Oo : AD . +r sources utilizing radioactive isotopes 
almost unlimited scope gpg. ite ah 
are also discussed. Commercial and 

semicommercial types offered by in- 


dustry are illustrated and described 


@ One manufacturer wanted fresh new contours (233) 


, interesting color 
permanence of finish, strength, heat-resistance and economy. The other 
wanted intricate shapes with holes, grooves, and slots molded-in 


Evaporative Spray-Tower Technique 
self-insulation, rigadity close tolerances and economy 


for Electronic Equipment Cooling, 
On > . te 
Requirements of both are being met in all respects including October 1955, 12 pages. A new 

production economy with materials selected from the six classes system of cooling developed by the 
that constitute the Durez family of versatile molding materials Navy is described. Simultaneous 


heat and mass transfer is utilized 
Being phenolics these thermosetting plastics are true engineering 


as the means for removing heat. 
materials with an unsurpassed range of industrial applications. You 


(229) 


can use their mechanical, electrical, thermal, and chemical! properties 


in creating products that look better, serve better, sell better Analog Computers for Machine Con- 


( all on your molder or our; Pechnical hu ld SETV ICE for trol—Parts I and Il, August and 
help in solving your problems October 1955, 20 pages. Points out 


the possibilities created by exten- 
+8 


. at! sive military research and develop- 
> ment programs that have made a 

* — Phenolic F tics that fit the so. rich store of computer technology 
a and proven components available 
to the equipment designer. Ar- 


ticles explain workings of basic 
DUREZ PLASTICS DIVISION HOOKER. components and describes how 


auger = servos perform individual mathe- 
HOOKER ELECTROCHEMICAL COMPANY aes matical operations. (231) 


1306 Waick Road, North Tonawanda, N. Y. (Conti d on page 288) 
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How to Control Cooling Water 


No. 5 of a series 


The Water Mizer is used for re- 
sistance welders, induction-heating 
equipment and hydraulic systems. 
The unit turns on the cooling water 
at the initiation of a cycle by means of 
a relay tied into the operating cycle. 

The problem was to stop the water 
flow to the electrode after the machine 
is idle for a time long enough to cool 
the electrodes. Here’s how a Fenwal 
THERMOSWITCH unit solved it 

When the welder is started, the 
Water Mizer, through a relay control 
system connected to the air solenoid 
valve coil or clutch on the welder, 
releases a full flow of water. The relay 
control keeps the water valve open 
until the water becomes 
warmer than the Fenwal THERMO- 
SWITCH setting, at which time the 
THERMOSWITCH takes over and con- 
trols the flow according to operating 
requirements. 


cooling 


How Fenwal 
Thermoswitch Units Operate 


In THERMOSWITCH thermostats the 
activating control element is the 
metal shell which encases the contact 
elements. Changes in temperature 
cause the shell to expand or contract 
instantaneously. This exerts either 
tension or compression on the struts, 
causing the contacts to make or 
break a circuit. Control in the Fenwal 
THERMOSWITCH units is calibrated at a 
given shell temperature by turning the 
adjusting screw until contacts operate. 

Fenwal THERMOSWITCH controls 
are constructed as either tension or 
compression operated with regular 
or inverse contact arrangements. 

Tension operated units may be sub- 
jected to momentary temperature ex 


REGULAR 


1S 


INVERSE 


TENSION OPERATED 


REGULAR ‘ - 
( Sa 
Ss 
ere 


pone 


INVERSE 


tO _ 


othe — 


COMPRESSION OPERATED 





Shou ing the Broad {ppl 


FENWAL THERMOSWITCH unit provide 
control of cooling water in the Water 
Mizer, a coolant control for welding and 
brazing made by Van Vooren Product 

East Moline, Illinoi Compact Fenwal 
unit are easily adjustable, highl re 
istant to shock and vibration and are 


totally enclosed against dust and dirt 


of 100°F above 
point. They 
any temperature 


posure their set 
also may be subjected to 
below 


point without danger 


their et 
Ten ion Op 
erated Fenwal THERMOSWITCH unit 
may be set below O°F but compre 
sion operated units are recommended 
if rapid temperature changes in ex 
cess of 100°F or extreme temperature 
overshoots are to be encountered 

Fenwal compression operated unit 
may be exposed to a temperature of 

100°F indefinitely, and to tempera 
tures 400°F above their 
tures for short per ods of time 

The Fenwal THERMOSWITCH Con 
trol is constructed with two silver 


PU te mpera 


contacts mounted on, but electrically 
nickel-iron 
struts of low expansion coefficient 
This then 
mounted under tension or compre 


insulated from, curved 


element assembly 1 


eamle drawn bra or 
steel tube 
tension or compression 


Sion in a 
stainless The amount of 
variable, 
depending on the position of the ad 
justing sleeve and the temperature of 


the shell. 


CONTROLS TEMPERATURE. . . PRECISELY 


READER INOUT ’ CAKDS, PRECEDING 


’ } 
hion Ranae of Fenwal Contro 


? 
| 


> 7 TEU» 








Proved Applications 


! 


al Sales Representatives and 


rs have ived time, trouble 


and money in all types 


of plants and 
laboratori ng thousands of 


temperature I and detection 
THERMOSWITCH 
processt that 
and solid 

t reservoir of 


to work lor you 


proble rn 


Chances are our problem ha al- 
ready been met and mastered by 


Fenwal en 


Write for new Catalog No. 500 for 


gineers 
deta and complete product | tings 
on Fenwal THERMOSWITCH Thermal 
, including units discussed 
Midget and Miniature ver- 
hese, Snap-Action Controls, 
licating Controller 


FENWAL INCORPORATED 
” Pleasant Street 


*vour 


00. Our specific prob 
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HYSOL G600 
ey hestn 



























For These RAYTHEON 


Transformers... 


HYSOL 6600 is a new epoxy casting 
resin especially developed for MIL- 
T-27A and other Military Specifica- 


tions. After more than two years of 





development and evaluation in our 


own and government laboratories, 





it is now being economically used 








in transformer production by RAY- 
THEON. 







HYSOL 6600 was specifically pro- 


duced for transformers for electron- 






ics, instrument transformers, power 














bushings and related equipment. It 
is a filled epoxy base in the form of a 
soft solid which melts to a low viscos- 


ity liquid. Complete Technical Data 





. Bulletin available on request. 


Dual h gh reactance 
{ esl 
Filament Transformer o ™ 
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Houghton Laboratories manufacture ’ 
complete lines of Electrical Insulating sews 
Materials Adhesives and oe alants Te * ##< ~ MOUGHTON (AsORbT ORs 1c 
ing Materials and cast products as rod a z 
sheet and tube % e 
oe «” 


¢ * 
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fmicar 


HOUGHTON 
LABORATORIES 


140 HOUGHTON AVE. OLEAN, NEW YORK 


In Canada 
HYSOL (Canada), LTD. 


Leaside, Toronto 17, Ontario 











Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 Sixth 

Avenue, New York 20, N.Y. 









Electrical Insulation and Dielectrics— 
1955. (Problems-Materials-Applica- 
tions)—136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons, 
results of special evaluation pro- 
grams, amoug Other subjects. $3.00 


Printed Circuits, 72 pages. New mul- 
tiple reprint, issued May 1956, su- 
persedes earlier reprint under same 
title. Subjects covered in the 11 ar- 
ticles taken from outstanding arti- 
cles appearing in 1954, 1955 and 
1956 include printed circuit tech- 
niques, artwork procedures, auto- 
matic assembly of components on 
printed circuit boards, manufacture 
of printed resistors and capacitors, 
and selection of components for 
printed circuits use. $2.50 


Practical Circuits for Grid Control of 
Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. 
E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circu't parameters on thyratron 
performance; peaking transformers; 
and the application of interphase 
transformer windings to multiple 
rectifier systems. $2.00 


Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 

nism design. The series is intended 

for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
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| ¥ eC CU Et ak a Ge ; 
finds a new way to cut costs a 





sign and analyze a simple servo. 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design; 
linear analysis; impact-momentum 
analysis; and the phase-plane meth- 
od ot servo analysis. $1.50 


Multiple Reprints at Quantity Prices 

Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 


lowing prices per copy apply: 


Quantity 
litle 5 
Electrical Insulation and 
Dielectrics—1955 
Servo System Design 
Printed Circuits 
Thyratrons 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N.Y. 


Which Spring Costs 


Miore...and Why? 
RETMA Defines ‘‘Automation’’ 


vi These springs look identical—and one will work lt Radio Electronic Television Manu- 

7“ : facturers Association Staff Committee 

as well as the other, yet one costs more. The higher cost on Automation, under the chairmanship 
spring was the product of time consuming engineering of W. Hausz, has formulated the fol- 


> lowing definition of “automation” in 
effort, plus a demand for unnecessary close tolerances 


response to “an urgent need expressed 


and secondary production operations. The other was by an industry deeply involved in au 


the simpler, low cost result of Lewis engineering expe- on but lacking « common, unified 
, definition : 
rience and production know-how. “Automation is the technique of im- 
: ; ; ° . 6s ’ wroving human productivity in the pro 
Lewis engineering experience is one of many ‘‘extras”’ , , 
: cessing of materials, energy and _ in- 


you get when you make Lewis your source for springs. formation by utilizing, in various de- 


Whether it’s help in spring design, packaging springs for grees, elements of self-control and of 
igs : . ; automatically executed product pro- 

efficient assembly line handling, or simply a case of get- gramming” 

ting top quality springs at competitive prices—call on 


Lewis . 


LEWIS SPRING & MANUFACTURING COMPANY isi ilies seals an ania’ 
2646 W. North Avenue, Chicago 47, Illinois on preceding back cover as a con 


venience to the reader in obtaining 
further information on 


ree €2633531 0 m8 
New Components and Materials 
Ss Pp Re i N G ty Literature for the Design Engineer 
) Feature Article Reprints 
Advertised Products 


6 


The tinest tight springs and wiretorms of every type and material 
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KEADER INQUIRY 5 


Satan aie vt 
PORCELAINS 


sci iaei 
THERMAL SHOCK 


MUSE) 
EB a 


Tae OS 
43) iid 18) 


for Permanency 


in Dielectric, 
Heat Resistance, 
and Mechanical 
Support.... 


=. yes millions, of devices are 
produced each year which are permanently insulated with 


Electrical Porcelains. 


Electrical Porcelains are specified—not simply for economy 


—but as positive protection against insulation breakdown. 


High dielectric strength and ability to withstand thermal 
shock and flashover are inherent qualities of Electrical Porce- 
lains. As compounds of inorganic materials—fused in the kiln 
Electrical Porcelains possess good dimensional stability. They 
are not subject to cold flow, and they have high compressive 
strength...important factors when insulators are designed to 


function as mechanical supports 


Any of the companies listed below will be pleased to assist on 


your insulator design or specification problems 


Sponsored by these members of the 
DRY PROCESS ELECTRICAL PORCELAIN SECTION 


NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 


THE AKRON PORCELAIN CO. s000 commy ave. anmomw 14 Onto 

THE CERAMIC SPECIALTIES CO. aaa west sittw stmeet Cast Livenroo. one 
THE COLONIAL INSULATOR CO. 6957 Gaawt stmter anmow st onio 

KNOX PORCELAIN CORP. cworviice +) TEemn 

NEW JERSEY PORCELAIN CO. wew yore ave AND PLUM ST TRENTON SS wg 
PORCELAIN PRODUCTS. INC. west sawousar sracer rimovay ono 

THE UNIVERSAL CLAY PRODUCTS CO 


1301 € FIMST STREET SanmOuseY On'IG 


291 





A new t ye plug contact for electri 
cord sets, just announced by General 
electric 
even in old or worn outlet 
Phe me BTB™ contact is 
prong of tinue bowed design that 


ivainst the 


provide s firm connection 
a plug 


pre es outward recep 
tucle contacts to maintain a firm 
electrical connection It also incor 
porate a precision-formed anchor 
loop it the end which holds the con 
tact securely in the recepta le Phis 
combination provice vreater hold 
Ing power eliminates accidental dis 
connect, and prevents th partial 
dislodgement that cause overheat 

vorn outlets The new 
BIB” contact: 


vill not damage the 


recept le 


For full information on this new 
development in plug design, write 
Accessory Equipment Department, 
General Electric Company, Bridgeport 
2, Connecticut 


Progress /s Our Most /mportant Product 
GENERAL @@ ELECTRIC 
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Association Activity 


Design Engineering Show A Big Success 


Attendance at the first Design 
Engineering Show and Confer- 
ence held in Philadelphia, May 
14-17, exceeded expectations of 
both the show management, 
Clapp & Poliak, Inc. and the 
Machine Design Division of the 
American Society of Mechanical 
Engineers which sponsored the 
four technical sessions. Over 1250 
engineers re vistered for the con 
attendance 
13,000. The conference 
hall had the SRO sign out each 
morning 


ferences, and show 


topped 


Exhibitors were unanimous in 


praising the quality of the visi- 


ASTM Annual Meeting to Feature 
Extensive Technical Program 


A total of 32 technical sessions have 
been scheduled for the 59th Annual 
Meeting of the American Society for 
lesting Materials, to be held at Atlanti« 
City, June 17-22 

In addition, leading manufacturers 
ind representatives from the United 
States, Canada and Europe will partici 
pate in the 12th Exhibit of Testing and 
Scientific Apparatus and Laboratory 
Supplies to be held in connection with 
the Meeting at the Chalfonte-Haddon 
Hall. On display will be hundreds of 
items ranging from small hand-manipu- 
lated instruments through electronically 
controlled devices and high-tempera 
ture ovens to universal testing machines. 

Features on each year’s program are 
two lectures, the Edgar Marburg Les 
ture and the Gillett Memorial Lecture 
This year the Marburg Lecture will be 
given by Dr. Charles E. Reed, General 
manager, Silicone Products Dept., Gen- 
eral Electric Co. Dr. D. K. Crampton, 
director of development, Chase Brass 
and Copper Co., will give the Gillett 
Memorial Lecture 

Important in the Society’s activities 
are the large number of technical com- 
mittee meetings which are scheduled. 
About 50 committees and subcommittees 
will hold a total of about 500 meeting 
in Atlantic City. 

The president's address, the introduc- 
tion of new officers, recognition of 40- 
and 50-year members, and Awards of 
Merit will be made at a luncheon session 
on June 19. 

Among the technical sessions to be 
held will be one on June 19 on solder 


tors. “Why had not such a show 
aimed 
specifically at the interests of 


been projec ted before, 
the design engineer, rather than 
the plant man?” was the question 
asked. 


the sign on one 


frequently Paraphrasing 
exhibitor’s 
booth, designers had the oppor- 
tunity to pinch, pull, squeeze and 
otherwise handle parts they might 
integrate into end products. 

The show management an 
nounced at closing that two floors 
of New York City’s Coliseum 
have been signed up for the 
second Design Engineering Show, 


scheduled for May 20-23, 1957. 


that will include such papers as: “In- 
dustrial Survey of Paste Solder Alloy,” 
by H. R. Williams, Fusion Engineering; 
“Fluxes and Their Application in Sol- 
dering,” by A. Z. Mample, Western 
Union Telegraph Co.; and “Design 
Considerations for Soft Soldered Joints,” 
by Alfred Johns, Eastman Kodak Co. 

In a session on heat-resistant and 
corrosion-resistant alloys, one of the 
papers to be delivered is “The Me- 
chanical Properties of Type 201 Chro- 
mium-Nickel Manganese Stainless 
Sheet,” by R. A. Walsh, R. L. Cook, and 
R. A. Lula, Allegheny Ludlum Steel 
Corp. 

Other sessions will be devoted to the 
tension-testing of nonmetallic materials 
and other problems of current interest. 


AIEE Establishes Instruments Division 


Growing importance of instrumentation 
in electrical engineering has led to the 
establishment of a sixth major technical 
division of the American Institute of 
Electrical Engineers, to be known as 
the Instrumentation Division. 

The new division, of which C. F. 
Savage, Jr., General Electric Co., New 
York, has been named chairman, will 
begin operations as a division Aug. 1. 
At present it is part of the Science and 
Electronics Div., and is known as the 
Committee on Instruments and Measure- 
ments. 

Present subcommittees on indicating 
and integrating instruments, recording 
and controlling instruments, electronic 
and high frequency instruments, special 
instruments and auxiliary apparatus, 
telemetering, nucleonic and radiation 
instruments and navigation instruments, 
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“‘double-duty”’ 
thermostat 
controls 
several 
circuits —4 
witha ~~ ", 
single 
dial... 





the Wilcolator Series GA 


COMBINATION THERMOSTAT AND SWITCH 








The special feature of this new thermostat, used for both Type G2-A: Contacts close on temperature rise 


heating and cooling applications, is the switch, which is cam Contact Rating: Type G1-A, 30 Amp. 125 and 250 volts—AC 
operated from the dial shaft. This switch makes it possible to non-inductive load 

control more than one circuit with a single dial, and to dis 
connect more than one line when the dial is turned “OFF” 





Motor Ratings: Type (2-A 








VOLTS RUNNING CURRENT LOCKED ROTOR 
For instance, Type G1-A (heater load) can control both 120 AC 14 AMP 60 AMP 
“bake” and “broil” circuits for an electric range, and incor 208 AC 14 AMP 60 AMP 
porate double pole break in the “OFF” position. And in an 240 AC 14 AMP 60 AMP 


air-conditioner, Type G2-A provides for “constant cool”, “fan 







Both motor and non-inductive ratings Underwriters listed and 
only’, and “fan and cooling” from a single dial shaft. approved 
Amplitude can be factory adjusted to customer’s specifica Mounting: Back of panel or in enclosure 
tions. Contact mechanism is not affected by vibration. For full Terminals: Screw Type, AMP or Arkles. Standard shaft size 
information on the Series GA, contact The Wilcolator Co., %" flatted to 156". Length to customer's specifications 





1001 Newark Avenue, Elizabeth, N. J. Canadian plant: 
Wileolator (Canada) Lid. Mimico, Toronto, Canada. 


SPECIFICATIONS: 
Standard temperature range: 40°F Minimum, 550° F Maximum oa. Q 
Special temperature ranges: to customer's requirements, et | Uk 
Type GI-A: Contacts 
















open on temperature rise, 


COMPANY 





PLYMOUTH HAMILTON 
ANN ARBOR SYRACUSE 
4 BRISTOL @ 


a CORRY 


i ia 
' — 


A unique springmaking service .. . 


Wile f 


ASSOCIATED 
SPRING 


mo so™ 
ee? 
one 


co 


OS® \ «wt ARES 
a7 co. Aneto 


ASSOCIATED SPRING CORPORATION 


, naar is 





. KIRKWOOD 
Calendar of Meetings lg iF 


June 3-6—Summer Annual Meet ing Materials, Chalfonte-Haddon aL commutators 
ing American Society of Re Hall. Atlantic City, N. J 


trigerating Engineers, Cincinnati 


Ohio June 18-20—Semiannual Meet 
ing: American Society of Heating 

june 3-6—40th Annual Meeting; ind Air-Conditioning Engineers 

American Gear Manufacturer's The Shoreham, Washington, D. ¢ 


A cso ation The Ho es ead Heo 
wa v a * June 18-22—Fourth Annual Hu 
a 


man Engineering Institute spon 
June 10-15——-Seminar on Automa sored by Dunlap & Associates 
tion: conducted by The Pennsyl Stamtord, Conn 


vania State University. College of 





Springs, 


June 21 Industrial Design in 
kngineering and Architecture and : 
hurope loday open neeting 


sponsored by the New Y ork 


Chapter, American Society of In 


General Extension and sponsore d 
by National Association of Manu 


facturers and American Society 


dustrial Designers (guest speak 


of Tool Engineers with coopera 
ers urope in experts on indus 


trial design Museum of Moder 
Art Ne Ww York 


tion from industry, The Pennsy| 
vania State University, University 
Pa 

june 23-July 1—International De 
June 11-15 — Seventh \nnual 
Plastics | X position The Society 
of the Plastics Industry Ire 
Coliseum, New York City 


sign Conterence sponsored = by 


the International Design Con 


terence Aspen Colo 


Aug. 24-26—l7th Annual Sum 
June 17-22—5 9th Annual Meet ner Seminar Emporium section 


ing American Society for lest ol the Ik} kmporium Pa 


MINIATURE MOTORS 
: Tt 
MARINE EQUIPMENT 


will become committees under the new CON (Western Electronic Show and 
set-up Convention), which is cosponsored by 
Other Technical Divisions of the In the West Coast Electronic Manufactur Yes, we make commutators for 
stitute are those on Communications er Association and the Los Angel every type and size motor on the 
General Applications Industry ind ind San Francisco Sections represent market today—from toy boats to 
Power ing the Seventh Region of the Institute giant bettieships. 
of Radio Engineer The show will be 
Engineering Groups Plan Conference quartered at the Pan Pacifie Auditori 


Before designing a new motor, 
on Magnetism, Magnetic Materials um, Lo Anvele from Aug. 21-24 


De ee 
Magnetism and Magnetic Materials will while the convention, which runs con 
be the subject of a Conference to be currently, will take over the Ambassa 
held in Boston. Mass.. Oct. 16-18. 1956 dor Hotel. Last eal WESCON had 


. ) 
under the sponsorship of the American 70 exhibitors and drew some 20,000 


Perhaps one of ovr 1000 stand- 
ard designs ranging from 9/32 

Me er tT 
ee ea ie 
Send us your prints for estimates. 


Institute of Electrical Engineers, in co visitors. This year there will be 670 
operation with the American Physical booths and attendance is expected to 
Society, the American Institute of Min run in excess of 00,000 enginee! ci 


ing and Metallurgical Engineers ind entists, and other pecialist WRITE FOR CATALOG NO. 3 


the Institute of Radio Engineers 
Authors are invited to submit titles Papers Solicited for Transistor 

! proposed papers Dye adline for titles Reliability Symposium on. 

June 15; for abstracts, Aug. | The Working ( 


soup on Semicondue 


CY) 
tL 
Additional information may be ob tor Device of the Advisory Group on 4 
& 


ined from T. O. Paine, Measurements = Flectron Tubs will 
iboratory, General Electric Co., West 


posium on transistor reliability, Sept y 

' 

on was - 4) os ™ “i | oo ee ad H ca. ae Onn 
um, 60 Hudson St New Ye Cit 


West Coast Anticipates Record-Breaking Since the «vy posium wi , ; COMMUTATOR ae 
7 


Attendance for Electronics Show and fj ceeyrity clearances will be ut 


sary. There will be no registration Over 10,000,000 now in use. 


Thirty thousand engineet ind) other Paper ire being aohited tor ‘ 


ponsor i m 


a o 
“ane” 


Convention 


4655 West 130th Street 
Cleveland 11, Ohie 


y: Transistor Performances 


are expected to attend the 1956 WES in Klectronis ka 


technical and professional specialists sions coverin 


lipment Leste Tran 


READER INOUIRY 





tw sistor Life Studies; Designing Circuits 
INEERED and Systems for Reliability; Preventa- 
tive Maintenance; and Design of Ex- 


for those who expect much periments for Relishility study 


All material contained in these 


PRICED papers must be unclassified Titles 


should be submitted as soon as possible 


for those who must buy many giving the approximate time required 


for presentation 


is Gras oe ae An abstract of each paper, ranging 
in length from 150 to 200 words. must 


the be in the hands of the Program Com 
7 Y mittee by June 15, 1956. Abstracts and 
PRETCTSTON \\ coresponience ‘concerning paper 


mc lel should be addressed to Irving Lessin, 
Model Secretary, Working Group on Semicon 


ductor Devices Advisory Group on 
Electron Tubes. 346 Broadway, New 
York 13. N.Y 
ACMA Releases Agenda for 
40th Annual Meeting 

Meeting June 3-6 at The Homestead 
Hot Spring, Va., the 40th Annual Meet 


ing of the American Gear Manufac 
VW T he turers Association will include a Sym 
posium on Coordinated Rating for the 
Strength of Gear Teeth. The Machine 
Pool Gearing Task Committee will dis 
METAL CASED cuss questionnaire returns concerning 
the need for AGMA Standards in this 
area 
Other sessions will be held by the 
Worm Gearing Committee, whose dis 
cussion will center on the need for o1 
desirability of more uniform” rating 
practices for this type of gearing; the 


Bevel Gearing Committee. which will 


Peak-to-Peak Voltage Ranges review proposed AGMA Standards 


up to 3200 volts peak-to-peak 222.02, “Strength of Straight Bevel 
Gear Teeth” and 223.01, “Strength of 


Extra-Large 5'/4’° Wide-Angle Meter Spiral Bevel Gear Teeth.” Pros and 


easy-reading, long scales cons for a proposed standard practice 
on the assembly of bevel gears will also 


High-Impedance Voltage Ranges (AC and DC) be discussed 


up to 1200 volts Other groups planning sessions in 
clude the Fine Pitch Gearing Commit 


Measures Resistance up to 1000 Megohms tee; Helical and Herringbone Speed 


in 5 overlapping ranges Reducers Committee; Gearmotors Com 
mittee: and Shaft Mounted Reducers 
Zero-Center Reference Ranges Committee. Other committees also will 


simplify FM discriminator balancing hold discussions of problems in thei 
areas of interest 


Phe 40th Annual Reception and Bi 

Model 68: in rugged, biue-gray ripple : oe “ | . saa 
finished steel cabinet. Size 5%”x7% Model 78 quet will be held on the evening of 
n3% Complete with tubes, internal 7 ry- r ' C 
ohmmeter battery and detailed instruc “aoe June 5 
tion manual. Net Price $54.50 Additional 
A must where power 
line is not available tained from John C. Sears, Executive 
Accessor Avail here po 

ssories Available for Models 68 & 78 Sain ae Secretary American Gear Manufa 
RF-12 High Freq. Probe Net Price: $10.95 sirable. Provides turer Association, No. | Thomas Circle 
TV-4 High Volt. P 2 e every modern VIVM e 
V-4 High Volt. Probe Net Price: 14.75 | renetion Metal N.W.. Washington 5, DAC 
cased. Rugged 


information may be ob 


A 


Send for free 1956 catalog with detailed 
descriptions and specifications of the entire 


rascoson line of test instruments for in : Net Price $62.50 
dustry and electronic service maintenance ncluding Batteries Human Engineering Institute to Stress 


“Systems Approach’’ 


Five-day course of the Human En 


gineering Institute, to be held June 





PRET TSTON apparatus Company, inc. 


70-31 84th Street, Glendale 27, L. 1., N. Y. size the “Systems Approach” to design 


"vy é Export: 458 Broadway, New York 13, N.Y., U.S.A. @ Cables: MORHANEX planning. allocation of funetions be 
“tree oF Canada: Atlas Radio Corp. Ltd. e 50 Wingoid Ave., Toronto 10, Ontario tween men and equipment, converting 


18-22. in Stamford, Conn., will empha 
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HARPER...a better source for STAINLESS 
and at no added cost 


Here are the reasons why stainless bolts, nuts, screws, 
washers and rivets by Harper will mean longer life, 
improved appearance to the equipment you make. 


You get all these Harper advantages at no added cost. 
Whether your order is large or small, it will be filled 
immediately from stock or promptly from the mill 


e Stronger in tensile Your Harper distributor has a wide range of highest 
: : : ué ; stainles -el faste y Cs 

e Higher in yield strength quality stainless steel fastenings in stock ill him 
today or write us for Catalog 26 

e Higher in nickel content ; 


e More corrosion resistant 


e Engineered to highest standards 


Specialists in all corrosion-resistant fastenings 
Bolts « Nuts « Screws « Rivets « Washers 
of Brass * Bronze « Monel « Aluminum « Stainless 


\WieeVet 


Branch Offices in Principal Cities 


rTHE H. M. HARPER COMPANY 
8204 Lehigh Avenue, Morton Grove, Ill 


Te 


OVER 7000 ITEMS IN STOCK...HARPER DISTRIBUTORS EVERYWHERE 


Sve lasting Pasleningd 
¢ G < G 





EAGLE flLEXOPULSE 


repeat cycle timer 
WITH $S.P.D.T. SWITCH 


No gear change or resetting of cams required 


ON TIME J 
| 
— ADJUSTABLE ~ + ADJUSTABLE > 


This blexopulse Repeat Cycle Timer is ideal piibieess 
for controlling processing machines requiring =! 
uljustable timed cycles. The “on” or “off” 
intervals are easily adjusted. Kither can be 
idjusted without disturbing the setting of the 


other. Instead of resetting cams or changing 


{ 


rears, simply loosen two knurled nuts. Then 
set “on” and “off” periods by moving adjust 
able pointer. Tighten screws, and the job's 
done 


~~ CONTACT CONTACT 
2 2-3 


HAS CYCLE PROGRESS INDICATION cLoseo | CLOSED 


\ movable flag indicator passing over the time scale between ad 
justable arms, indicates portion of cycle elapsed in either of the 
s.p.d.t. positions. Switching operation takes place at zero 

llexopulse is ideal for periodically operating valves to reverse the 
flow of liquids, for operating signals or for injecting chemicals. 120 
second up to 20-hour dials are available. Synchronous motor pow 
ered, Send coupon today for free Bulletin 320 


FREE BULLETIN, MAIL COUPON 


EAGLE SIGNAL CORPORATION 
industrial Timers Division, Dept. EM-656 
MOLINE, ILLINOIS 


Bulletin 320 with full data 
hepeat Cycle Timer 


lesign specifications into hardware, and 
nan-machine relationships 

Special feature of the 1956 Institute 
is the “Shirtsleeve Seminar,” problem 
oriented sessions that will provide op 
portunities for the discussion of prob 
lems encountered and solutions reached 
in a wide variety of industrial and 
military design activities 

Iypical of the range of subjects to 
be considered in the sessions are those 
on “The Systems Concept”; “Systems 
Planning”: “Identification and Alloca 
tion of Functions Between Men and 
Machines”; and “Sources of Human 
Engineering Information.” 

Among other topics to be reviewed 
are: “Converting Information Require 
ments into Design Specifications” 
“Implementing Design Decisions” 
“Evaluating Design Decisions”; and 
“The Management and Practice of 
Human Engineering.” 

Further information may be obtained 
from Dunlap and Associates, Ine., 429 
Atlantic, Stamford, Conn 


J. J. Chyle Elected President of 
Welding Society 


lo head up its many activities devoted 
to advancing the science and art of 
welding, the American Welding Society 
has elected as president J. J. Chyle 
director, Welding Research, A. O. Smith 
Corp., Milwaukee 

Mr. Chyle, who received his engineer 
ing degree from the University ot 
Wisconsin, has invented and patented 
a number of welding electrodes and 
welding processes. During the war, he 
was a member of the sub-committee on 
welding of armor and also participated 
in work essential to the production of 
the atom bomb. His election was an 


nounced at the Society's Annual meeting 


in Buffalo. N. Y.. held in May 


International Automation Show 
Headed by Dr. E. W. Engstrom 


The tith Annual International Instru 
ment-Automation Conference and Ex 
hibit, sponsored by the Instrument So 
elety ot America, has selected Dr 
Elmer W Engstrom senior executive 
vice president of RCA, as general 
chairman 

The Exhibit and Conference will be 
held during the week of Sept. 17-21 
in the New York City Coliseum. More 
than 30,000 engineers and other special 
ists are expected to attend the exhibit 
and to participate in the Conference's 
technical discussions on the design, use 
and maintenance of automatic instru 
ments and controls 

In addition to the exhibit of new 
products from more than 500 instru 
ment manufacturers, the Society will 
for the first time present the creative 


UNE 1956 ELECTRICAL MANUFACTURING 





PORTRA 


OF F® 


CHAMPION 


UT 


a 
TC 


LL 


es 
ae 


a) 


Ce 


v 
s} 


no 


eh 


4 


a ee en ee ee eee 


* 


ee es ee oe 


x 


oH D A ae. ‘ 


READER INO IE 


Nichrome’*, 


whose spectrogram you see here, 


the famous alloy 
is as truly a masterpiece as any 
Rembrandt or DaVinci hanging 
in the galleries—-and for largely 


the same reason 

For the principal elements in 
Nichrome 
What 


proachable 


anyone can combine 


Nichrome 


superiority 


its unap 
all 


other heat-resistance alloys, is the 


Rives 


over 


truly personal elements that go 


into its making the all-impor 


tant, highly specialized skills of 


the Driver-Harris technicians 


Step-by-step from melting 


through every processing opera 
tion, from furnace to finished 


spools of wire (some drawn as 
exacting metal 


‘ hecks 


operate to assure the peerless and 


fine as .0OO5 dia 


lurgical controls and 


enduring qualitites of Nichrome 
hese quality controls represent 
alloy 


58 years of continuous 


that have established 


resea;’re¢ h 
time-tested 


all 


Nichrome as the 


standard by which similar 


alloys are measured 


Yes, there isonly one Nichrome 


and it is made only by Driver 


Harris 

And in recognition of its unique 
properties, the States 
Patent Office in 


United 
August, 1908, 
granted solely and exclusively to 


us the trade-mark NICHROME 


*T. M. Reg. U. 5S. Pat. Off 


J sya Aioy, 


@ 


rilver- 
AVIS’ 


COMPANY 


HARRISON, NEW JERSEY 





(WE 


PRECISION QUALITY 


cOMMONeNts 


OF TUNGSTEN, 


MOLY, NICKEL CLAD WIRE, 


ALLOYS, KOVAR 


Quality controlled 

throughout production with 

Tungsten hard glass leads produced 

under General Electric Timing Control. 

Each tungsten lead is microspecially 

inspected for flaws. DKE offers highest 

quality and LOW PRICES. Send 

drawings for quotations and let us 
prove the economy of our prices. 


The Engineering 

Company can give you 

immediate delivery on following 
bases: 50 Watt, 3303B, 412 Indus 
trial Base, Giant 7 Pin Bayonet, 4310 
Four Pin Jumbo, Tetrode, Hydrogen 
Thyratron Bases in both Aluminum 
and Copper up to 6.50 dia, etc. All 
bases to JAN-1A/MIL-E-1B and sub- 
jected to weights and strength tests. 


DKE HYDROGEN THYRATRON 
TUBE BASES 


7 


ww 

’ 

CALL OR WRITE FOR QUOTATIONS 
ON YOUR SPECIFIC REQUIREMENTS 


rHe BIGINGBTING co. 


27 WRIGHT ST., NEWARK 5,N.J. 
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and universitic 


work of many independent inventors 


L nceommercialized in 
ventions will be shown and prizes of 
fered tor those with the most practical 


future possibilitic 


kngineering col 
leges will 


display thei projects for 


ipplying measurement and control in 


truments to scientific and technological 
research 

The Society, which is 
in Pittsburgh, has opened temporary 


oflices at 250 W 7th St New York 


Caty trom whi h lo direct the Conter 


headquartered 


ence and Exhibit 


Allen B. DuMont to Address AIEE 


Summer Meeting at San Francisco 


Principal speaker at the opening ses 
ion of the five-day Summer and Pacif 
Meeting of the American In 
titute of Electrical Engineers will be 
\llen B. DuMont president Allen B 
DuMont Clifton, N. J 
The meeting, which will be held in the 


Fairmont Hotel, June 25-29. will hear 


Laboratories 


the report of the Committee of Tellers 
which has been tallying the mail vote 
for 1956-57 officers 

Another feature of sessions will be 
presentation of the 1955 Lamme Gold 
Medal to C. R Westinghouse 
klectric Corp 

All five major technical divisions of 
the Institute are 


Hanna 


“ponse y Sess . 
ponsoring se ions in 


the technical program, which will in 
lude meetings on rotating machinery, 
ommunications 


implifiers, computers 


transtormers 


and instruments, and other 


ireas of current interest 


East Coast Conference to 
Discuss Electronics in the Jet Air Age 


Scene of the Third Annual East Coast 
Conference on Aeronautical and Naviga 
tional Electronics 
Mad... Fifth Re 
Oct. 29-30 

About | 


ire expected to attend the 


will be the Baltimore 
giment Armor Dates 


».000 engineers and scientist 


technical 
‘ feet 


which will feature the confer 


ence theme Klectroni in the Jet Air 


Ave 

Sponsored jointly by the Baltimore 
ection of the IRI ind the IRi Pro 
fessional Group on Aeronautical and 


Navigational 


Conterence will offer over 


Klectronics, this year’s 
OOO tt of 
floor space for exhibition purpose 

Conference headquarters will be the 
Hotel 
banquet will be held on the 
evening of Oct, 29 

Additional information may be o 
tained from \W D. Crawford, West 
Klectric Corp. Air Arm Div 
Friendship International Airport, Balti 
more 27, Md 


Sheraton Belvedere 


where the 


inn il 


iInghouse 


ANYWHERE! 


“To Expaud Your 
AC Product Sales! 


STANDARD and HEAVY Duty & 


sINVERTERS, 


c 


For Inverting D.C. to A.C. . Spe a 


Designed for operating A. C. Radios, i 
' Television Sets, Amplifiers, Address 


: Systems, and Radio Test Equ 
% from D, C. Voltages in Vet 
St ps, Trains, Planes anc 


mt 


AMERICAN TELEVISION & RaDio Co. 


Luality Products Since 1931 


SAINT PAUL 1, MINNESOTA—-U. $. A. 
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Another PARKER Die Casting With... 
MACHINED PRECISION at 


PARKER 
SALES ENGINEERS 


CHICAGO 47, ill 

Ollie J. Berger Company @ 2059 East 72 Street 
CINCINNATI, Ohio 

William H. Broxterman e@ 2174 Buck Street 
DETROIT 35, Mich 

Hodgson-Geisler Co. @ 18917 James Couzens 
GIRARD, Penna 

Daniel F. Marsh @ 35 Chestnut Street 
KIRKWOOD 22, Mo 

Edward F_ Higgins, Jr. @ 102 West Adams Street 
WILTON, Conn 

Girard L. Palmer @ Belden Hill Road 
SYRACUSE, N.Y 

JC. Palmer @ 712 State Tower Bidg 


BELLEFONTE, Penne 
Warren G. Olson @ 420 East Linn Street 


DIE-CASTING cost/ 
Qo 


Produced complete in one operation to extremely close 
tolerances this helical gear part is yet another example 
of the way Parker-engineered die castit can save you 
money by eliminating costly tooling-up and machining 
operations on component parts. Combine this inherent cost 
advantage with exceptionally smooth cast finish, high 
density and good tensiles and you can vhy Parker Du 
Casting in zinc or aluminum—open up wi new possi 
bilities to the design engineer 


Parker has been a leader in di tit or 50 year in 
old hand with new ideas. Tak intaye of this skill 
Just call the nearest Parker sal nyin or write the 
fac tory direct 


Parker White Metal Company ¢ 2153 McKinley Ave., Erie, Pennsylvania 


high pressure 
ALUMINUM and ZINC 
die castings 
POWDERED METAL PARTS 


PARKER 
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Take Advantage of 
CLASS ‘B’ INSULATION af Class ‘A’ Prices! 


GLASTIC 


GLASS PLASTIC 
LAMINATED 
SHEET 


CIT NMI eas 
PUNCH TOUGHNESS 


PUNCHES COLD 


PUNCHES THICK 


HIGH 
IMPACT STRENGTH 


HIGH 
ARC RESISTANCE 


LOW MOISTURE 
PET a 


ee 


Look below left—the chart shows how one grade of Glastic fiberglass 


polyester sheet laminate can tumble your costs and improve your prod- 


ict. Look above — other advantages. Still other advantages: closer 


thickness tolerances, closer size 


sanding, less 


tolerances — less material to buy; less 


machining; uniform assemblies; new highs in the per 


formance and life of electrical insulation. Thicknesses Yr tol” 


Do yourself a favor 


GLASTIC “MM” vs. PHENOLIC “CE” 


GLASTIC “MM 

PRICE 

ss E 
MOISTURE GLASTIC “MM 
RESISTANCE 

“a ' wei 

/MPACT Giastic 
a | 


WEAT 
RESISTANCE 


FREE efter BOO bee ot 100" ( we 
30.008 vs 6000 
Aa GLASTIC 


RESISTANCE 
120 we 5 i 


specify Glastic! 


ASK FOR GLASTIC 
GRAPHIC NO. 3-M 


THE GLASTIC 


CORPORATION 
4323 GLENRIDGE ROAD 
CLEVELAND 21, OHIO 


Engineering 
Standards 


New, Revised and Proposed AIEE 
Standards for Electrical Apparatus 


Following standards publications have 
recently been issued by the Americar 
Institute of Electrical Engineers 
{ddendum to No. 1—General Prin 
ciples upon which Temperature Limits 
are Based in the Rating of Electriv 
Vachines and Other Equipment 
This interim revision acknowledges 
recent developments in synthetic ma 
terials and permits their use as Class 
B or Class H insulation “if by experi 
ence or accepted tests they can be 
shown to be capable of operation at 
Class B (or Class H) temperature.” 
No rf Proposed Standard for In 
duction Motor Letter Symbols 
Keeling that readers lose too much 
lime imterpreting the individual nota 
tion systems used by various authors 
(We agree—kKd.) 


the Rotating Machinery Committee has 


a working group of 


developed a unified system of letters 
symbols for trial use. Criticism and 
suggestions are invited Because of 
typewriter limitations, Greek letters 
have been avoided as much a possible 

No Y Proposed Test Code for 
Vetallic Rectifiers 

While not yet accepted as an Alkt 
Standard or approved by ASA, this test 
code Is being used by the metallic 
rectifier manufacturers, the Armed Ser 
vices, NEMA and RETMA for inclusion 
in standards. Covered are definition 
tests for metallic rectifiers and tests for 
metallic rectifier stacks and stack 
semblic . 

Vo. 5 (ASME PTC 19.6 Master 
Test Co vw Electrical Measurements 
in Powe icuus 

Based on portion of the ASMI 
Power Test Code and AIEE Test Codes 
02 on single-phase motors and 503 o1 
synchronous machines this new test 
code covers a-c and d-c voltage, cur 
rent, power, energy lrequency, power 
factor impedance and resistance 
measurements for rotating machinery, 
transformers, induction apparatus, ar 
ind resistance heating equipment and 
mercury are rectifiers. It does not in 
clude such measurements as resistance 
or temperature used in determining 
performance characteristics of electric 
machinery; these will be found in the 
specific test codes such as AIEE No 
550 for resistance measurement and No 
551 for temperature measurement. One 
section is devoted to instrument trans 


formers; instrument specifications are 
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The BUY word for 


Socket Cap Screws 


is ALLEN 


The easy way to make sure of greater strength, 
better fit and uniform quality in socket cap screws is 
to order “not just Allen-type but genuine ALLEN.” 


oe 
2 
a 
am « 
7 
an 
Aen 
3 
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- 
a 
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ss 
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New 


LEADER 
— POINT 


LEADER 
— POINT 


(a. eee 


1] 


FLAT HEAD CAP SCREWS 
For firm fastening with flush 
surfaces. Especially adapted to 
fastening thin plates and sheets 


GRIP HEAD CAP SCREWS 
The world’s easiest starting, 
straightest driving, firmest hold- 
ing cap screws. 


STAINLESS STEEL 


N Bright, non-corroding high 
ew tensile strength type 18-8. 
151 popular sizes (NC & 
NF) with Smooth Heads 
/ available from stock. Also 
standard with Grip Heads 
in many popular sizes. 


LEADER 
POINT 


LLL LLL AL LS 


TT, 
Waa] Wiis 


THE ALLENUT 
Provides a ready-made threaded hole for 
use with cap screws in soft materials and 
for repair applications. Endless uses for 
compact design, space saving. 


AKDS, PRECEDING BACK ¢ 


PRESSUR-FORMING 


The latest improvement in the 
cold forging method originated 
by Allen. The tough Allenoy 
steel fibers are preserved con- 
tinuous and uncut. 


New 


LEADER 


POINT 


BUTTON HEAD CAP SCREWS 
Produces smooth streamlined 
appearance where counter- 
sinking is impractical 


Sold Only Through 
Leading 


Industrial Distributors 


Take advantage of their large 
stocks and fastener experience 
Write direct for General Cata- 
log G55 


ALLEN 


MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 

ALLER 
EAD 





Lépex SELECTING 
wma IEE 


WILL HELP YOU SIMPLIFY 
REMOTE SELECTION of CIRCUITS! 


A few examples of standard Model Ledex relays. Use the 
1” squares in the background to estimate size of the relays. 


Ledex Relays are available to perform 
a variety of switching jobs... 


STEPPING ...COUNTING... ADDING 
AND/OR SUBTRACTING... PROGRAMING... 
CIRCUIT SELECTING...and HOMING. 


SEND US, ON YOUR LETTERHEAD, THE 
DETAILS OF YOUR SWITCHING REQUIRE- 
MENTS AND LET LEDEX ENGINEERS 
WORK WITH YOU TO DETERMINE 
IF LEDEX RELAYS ARE THE ANSWER. 


123 WEBSTER STREET, DAYTON 2, OHIO 
IN CANADA. MARSLAND ENGINEERING LTD, KITCHENER, ONTARIO 


GL, Gland 


found by reference to ASA Standard 
C39-1-1955 (reviewed below ) 

The above standards may be ob 
tained from the American Institute of 
Electrical Engineers, 33 West 39th St 
New York 18, N. Y All are free ex 
cept No. 552. which costs $1.20 


Investment Casting Specifications 


Designed to aid design engineers and 
other persons specifying investment 
cast parts, new material specifications 
have been released by the Investment 
Casting Institute as the result of several 
years research. The specifications are 
intended to overcome the problems 
often encountered in that investment 
castings may be redesigned from stamp 
ings, forgings or machined parts, and 
in the absence of specific investment 
casting speciheations. are sometimes 
specified to wrought metal specifications 
by the purchaser 

The new Investment Casting Institute 
specifications are identified by a code 
number in line with the new system 
developed under the Standardization 
Plan of the Secretary of Defense. This 
plan is exemplified by the publication 
“Cross-Index of Chemically Equivalent 
Specifications and Identification Code.” 
The first set of specifications include 
the following: 

FE-1.-A_ yveneral iron-base specifi 
cation on carbon steels based on the 
familiar SAE 1020 and 1040 steels 

FE-2—Covers the low alloy steels 
commonly referred to as the SAE alloy 
steels and are casting conversions of 
4130, 4140 and 8730 SAE types 

CO-1 and Nl-I1—These specifica 
tions are cobalt-base and nickel-base 
super alloys respectively and are based 
upon the Aeronautical Material Specifi 
cations covering this type of alloy 

MG-1I—This is a specification tor 
magnesium-base, aluminum-zine alloy 

AL-I—This covers the two most 
widely used aluminum casting alloys 
silicon magnesium and silicon-copper 

CU-1 This specification is designed 
to cover silicon-brass 

Copies of the specifications may be 
obtained from suppliers of investment 
cast parts, or purchased at 10c each 
from Investment Casting Institute. 27 
Kast Monroe St., Chicago 3 


Electrical Indicating Instruments 


Additions to cover soldering term 
inals and insulation tests, as well as 
minor miscellaneous changes, mark the 
latest revision of ASA Standard C39 
1-1955 on Electrical Indicating Instru 
ments. Since the third edition (1951) 
this standard has covered panel, switch 
beard and portable instruments. The 
fourth edition is also approved as a 
NEMA standard. Copies are available 
from the American Standards Associa 
tion, Inc.. 70 East 45th St.. New York 
7. ee oy Price is $2.00 
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ROCKBESTOS 


SWITCHBOARD WIRES 
oe td @ Service proved for more than 25 years. 


- itchboard Wir - * 
«= @ Standard for power switchboards, metal 


clad switchgear and control panels. 


Rockb AV.C. (NEC. t AVB) Switchboard H Wire dependability and long life into your equipment with Rockbestos 
ockbestos A.V.C. .C. type Switchboar« inge = = 
Cable — Flexible Stranded varnished cambric (N.E.C. Type AVB) or Rockbestos synthetic asbestos 


(N.E.C. Type TA) switchboard wires. You'll find they are easier to 


en install, safer and guarantee a better looking, longer lasting job. 


Rockbestos N.E.C. Type TA Switchboard and Flexible HERE’S HOW YOU BENEFIT 
Hinge Cable — Solid, Stranded and Flexible Stranded. 
EASIER, QUICKER INSTALLATION impregnated felted asbestos 
RE he PPAR IR: Tei eR ME YS TURMERIC cushions the braid, eliminating cracking. Provides better appearance 
STRIPS EASILY — with both hand and power stripping equipment 
TAKES 90° BENDS — No braid cracking or bulging 
CONTROLLED QUALITY for uniform diameter, color and performance 
FIREPROOF — will not ignite, curry or support flame. Passes Underwriters’ 


USE THESE WIRES FOR 


¢ Switchboards, * Control Panels for 
Switchgear and Motor Starters 


Laboratories Vertical Flame Test, withstands 900 volts after flame test 
Control Panels 


* Elevators, Fire Doors, STANDS HIGH TEMPERATURES — Rated ot 90°C. (194°F.) by NEC 


Gitlin met Coben cranes MOISTURE RESISTANT — eae breakdowns after one hour in water 
Ciecniitiees, ¢ Hinged connections on 15 KV for Type AVB and 12.5 KV for Type TA 


Swinging Meter Panels HIGH DIELECTRIC STRENGTH — minimum breakdown voltages: for Type 
® Motor Driven Rheostats * Motor Leads etc. AVB 20 KV, for Type TA 15 KV 


ROCKBESTOS ésnronaron 
NEW HAVEN 4, CONNECTICUT 


NEW YORK «+ CLEVELAND «+ DETROIT + CHICAGO «+ PITTSBURGH «+ ST. LOUIS + LOS ANGELES 


NEW ORLEANS + OAKLAND, CALIFORNIA 


BREADER INOULIRY SERVICE CARDS, PRECEDING BACK COVE! 


$05 





Manufacturers’ 
Publications 


For these elected public ations On ma 
terials, Components, technical data and 
engineering services, write direct to the 
ma wufacturer on company letterhead 
mentioning ELecrricaAL MANUFACTURING 


is your source 


DIRECTORY OF INDEPENDENT LABO- 

RATORIES—The 1956 edition of “Direc- 

tory of The American Council of Inde- 

pendent Laboratories, Inc.,” provides 

information on facilities and services of 

:, = 67 member laboratories. In addition, 

7 this edition of the Directory includes 
RELY OV] GI oa an extensive index of Services and Fa- 
cilities. In this index are listed over 400 


for smooth, e fortless performance, just categories of services. Each category 


; lists through code numbers the member 
one of the reasons why manufacturers laboratories specializing in each field 


as well as those qualified but not spe 

SPECIFY G | FRACTIONAL H P MOTORS cializing. Copies of the cloth bound vol 
ume may be obtained free of charge by 

writing on company letterhead to H. M 

Dudley, Executive Secretary, American 

@ For really smooth, silent operation, Gl Council of Independent Laboratories 
Ine., 4302 East-West Highway, Wash 
fractional hp motors have no equal that's casten 14. DA 


MODEL B why original equipment manufacturers have 


pole, 4-coil shaded 
pole AC 
Type 


eer ee eee eeeeee 


CORD-SET CALCULATOR four-section 


if ular comput itor aids I l€ eng 
f 96 { f 
motors tor over 25 years Leac if g manvutTac neering 


been relying on GI 1/40 hp to 1/1100 hp 


ind design of cord sets. Visu 


turers have proved to themselves that GI alization of hundreds of actual sample 
cord sets is made possible by rotating 
« 2 > > > , c < ‘ > 
motors are unexcelled in the industry. They the disks of the calculator, designated 
appreciate General Industries free design the Cordinator, Graphic cordage tables 
capacity and gage charts enable the 
consultation service and prompt deliveries, . 
selection of wire for various product 
too. When you have a fractional hp require- requirements, Composite chart indicates 
ed pole 


} 
Type ment, you'll find that your best bet is to standard components and connectors 


adaptable to the cords selected The 
RELY on Gi! 


calculator may be obtained by writing 
on company letterhead to Cords Limited 
Write for complete specifications and quan- Div., Essex Wire Corp., DeKalb, Ill 
tity price quotations 

INTERCHANGEABILITY DIRECTORY 
FOR NON-RECEIVING TUBES —16-page 
booklet, “RCA Interchangeability Di 
rectory of Industrial-Type Electron 


MODEL C 
2 po d pol 
AC Induction Type 


eeeeeeeeeveeeee eeeeeerereeeeeeeeeeeeee ee eeeeeeeeeeeeeneee 


Pubes.” lists 2000 type designations of 
26 different manufacturers arranged in 
alphabetical-numerical sequency, show- 
ing the RCA Direct Replacement Type 
or similar type, whichever is available 
Designated Form Number ID-1020A, the 


directory covers vacuum power tubes, 


~ ~ 
MODEL O 
2- pole Capacitor 
ble Type A‘ 
for 6. 12, of 
24 volt 


MODEL E 


4 pole haded pole 
AC Induction Type 


MODE|L 


», 4-coi € 
AC Inductic 


Type 


vacuum and gas rectihers, thyratrons, 


ignitrons, magnetrons and many others 
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A fee is charged for this directory, 


copies of which may be obtained for 
TUR Ht 20c each from Commercial  Engi- 
neering, RCA Tube Division, Harrison, 


DEPARTMENT GL ¢ ELYRIA, OHIO NJ 





EXTERNAL FIELD REDUCTION OF 10 TO 1 is measured, above 
magnetic pickup coil and a meter. The housing cover is removed « 


terminal board. This new stabilizer, like all Sola Con 


using a 
posing the 
tant Voltage Tran 


manual adjustments or ntenance t provide 


oltage regulation within 


formers, is a static-magnetic regulator has no moving parte and requires no 


automat nstantan 


ima voltage wings of l 


New Sola Constant Voltage Transformer 
Reduces External Field by 90% 


An improved Sola Constant Voltage Transformer 
design retains all the advantages of the Sola CV principle 
while providing a 90%, reduction in external field and up 
to 53% lighter weight. 


In applications employing “magnetic field-sensitive” 
electronic equipment, such as high-gain audio circuits, 
the new Sola CV design offers important advantages 
Cathode ray tubes—high-gain amplifiers—- microwave 
plumbing— may be mounted close to the transformer; 


SOLA Sinccon 


TRANSFORMERS 


usually magnetic shields may be eliminated. 


The new housing has a smooth overall contour which 
minimizes dust accumulation. It is finished in attractive 
gray hammerloid 


The new Standard Type Sola CV transformer i 
able in 3 capacities—-250, 500, and 1000va. For 


avail 


pecific 
advice on your particular application, contact your Sola 
representative listed below, 


Write for Bulletin CV-170D 
SOLA ELECTRIC CO 
4633 W. 16th Street 
Chicago 50, Illinois 


CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment © LIGHTING TRANSFORMERS for All Types of Fivorescent 


and Mercury Vapor Lomps. @ 


SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35; 103 E 
125th St., TRofalgor 6-6464 © PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6.4986 © 


Bigelow 4.3354 © CLEVELAND 15; 1836 Euclid Ave., PRospect 1.6400 @ 


BOSTON: 272 Centre Street, Newton 58, Mass., 


KANSAS CITY 2, MO.; 406 W. 34th St., Jeflerson 4382 © LOS ANGELES 23 


3138 E. Olympic Blvd., ANgelus 9-9431 © TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 © Representatives in Other Principal Cities 
: ’ 





EIGHTY THOUSAND AMPERE-TURN 
ELECTROMAGNET 
BY *eee#ee#es 


Custom Built for a Magnetic 
Materials Laboratory 


<p> Materials easily placed in position and removed 


<p> provides: 


adjustable gap between 5’ poles 
good working space 


80,000 ampere-turns intermittent rating 
40,000 ampere-turns continuous rating 


The user's need for a simple means of magnetizing ceramic 
magnetic materials is filled by this 1600 pound electromag 
net and its 1.4 kilowatt NWL low-ripple, variable-voltage 
controlled 3 phase rectifier 


WHEN YOU NEED SPECIAL 
ELECTROMAGNETIC EQUIPMENT 
<p> CONSULT NOTHELFER 
Established 1920 
a WINDING LABORATORIES, INC. 
©) 


P.O. Box 455, Dept. 101, Trenton, N. J. 


Book 
Reviews 


Handbook, Preferred Circuits Navy 
Aeronautical Electronic Equipment. 
Prepared by National Bureau of 
Standards, Department of Commerce 
for Bureau of Aeronautics, Depart 
ment of the Navy and obtainable 
from the Superintendent of Docu 
ments. U.S. Printing Office, Wash 
ington 25. D.C paper bound, loose 


leaf, $1.75 


This handbook, designated NAVAER 
16-1-519, presents schematic diagrams 
of 32 preferred circuits together with 
characteristics and other information 
Notes included in the second section of 
the manual explain applications and 
design considerations. The circuits in 
clude voltage regulators, multivibrators 
blocking oscillators, video detectors 
and amplifiers The preferred eircults 
were derived after experimental exami 
nation of a large number of examples 
in commercial and military electronic 
equipment 

Nhe main purpose of the handbook 
Is lo encourage voluntary reduction of 
unnecessary variations in military 
equipment and to promote standardiza 
tion. It is believed that standardization 
will conserve engineering manpower, 
reduce procurement costs and spare 
parts requirements, and provide greater 
operational reliability with simpler 
maintenance training 

Supplements will be announced from 
time to time and may be purchased 


from the Government Printing Ofhce 


Proceedings, Second General Assembly, 
Engineers Joint Council, published 
by Engineers Joint Council, 29 W 
9th St.. New York. 68 pp, $1.00 


Four major fields of broad interest to 
engineers in general were covered at 
the Second General Assembly of KIC 
held in New York January 26, 27, 1956. 
Phese were Reserve Forces Act of 
1955 Extending Engineering Man 
power by Utilizing Balanced Teams of 
Engineers and Engineering Pech 
nicians Growth Pattern of the En 
vineer: and A Review of the Engineer 
ing Aspect of The Hoover Commission 
Reports Some 20 papers on these 
subjects are ine luded in the proceed 
ings. Use of engineering aids were dis 
cussed by top engineers in many in 


dustries including electrical manufactur 
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Every day, millions of world-famed 
ZIPPOS repeatedly “flip their lids” to 
provide bright flames for smokers. To 
take the punishment of uncounted open 
ings and closings, each lighter is fitted 
with a smooth-working hinge made of 
SEYMOUR NICKEL SILVER 

SEYMOUR NICKEL SILVER is a key in 
gredient in many fine products because 
it combines beauty and durability. Its 
lustrous, silvery color is corrosion-re 
sistant and long-lived. Its malleability 
and ductility are ideal for extensive 
forming and drawing operations. Its 
high quality is constant and dependable. 
For these reasons nickel silver users 
everywhere say 


“Specify Seymour... you KNOW it’s good!’ 


SEYMOUR 


® 


THE SEYMOUR MANUFACTURING COMPANY 


8 Franklin Street, Seymour, Connecticut 





IMPORTANT 
REASONS 
WHY YOU 

SHOULD 
SPECIFY 


V4 LAOS 
i 
NA IAS 


phenolics with the high dielectric strength, moisture resistant and non- 


>. 


corrosive properties of cellulose acetate 


. RESINITE 104 is a tough material suitable for stapling, severe forming 


and fabricating 


RESINITE 8104 minimizes the effects of electrical property degradation 
characteristic of laminated phenolics when subjected to high humidity 


and temperature 


RESINITE ‘T'ru'Tork provides an internally threaded or embossed form to 


fit any threaded core, regardless of diameter or threads per inch 


. RESINITE gives torque control of plus or minus 1 inch ounce—axial 
pressure in excess of 25 pounds 


Ask us how you can save money by replacing expensive plastics with low- 
cost Resinite tubes for many applications involving high chemical or 
moisture conditions 


Get full information on Resinite Coil Forms. Request detailed technical literature. 


RESINITE <cxrcnarton 


Sales Representatives in: 


New England: Framingham, Massachusetts, Trinity 3-709) 


Metropolitan New York, New Jersey: 


Jersey City, New Jersey, Journal Square 4-3574 
Upstate New York: Syracuse, New York, Syracuse 4-214) 
Northern Ohio, Western Pennsylvania: Cleveland, Ohio, Atiantic 1-1060 
Indiana, Southern Ohio: Logansport, Indiona, Logansport 2555 
California: Pasadena, California, Sycamore 8-3919 


Canada: Montreal, Quebec, Canada, Walnut 0337 


PRECISION PAPER TUBE COMPANY 


20358 W. CHARLESTON ST. + CHICAGO 47, ILLINOIS 


ing, aircratt. automotive, military elec- 
tronics, bridge building, oil -refinir 


and public works 


Analysis of Electric Circuits, by William 
H. Middendorf, John Wiley & Sons 
Inc., 440 Fourth Ave., New York 16 
406 pp, 6 x Y in., $6.00 

Of unusual interest in this basic college 

text is the consistent and well-defined 

voltage polarity notation employed by 
the author; an entire chapter is devoted 
to pinning down notation early in the 
book. This particular notation system 
merits attention by electrical engineers 
in general. Another feature is defining 
electrical terms in accordance with 
ASA standard definitions to prepare the 
student for later work on contracts and 
specifications, as well as nip in the bud 
any life-long misconceptions that might 
otherwise be formed. Common errors 
cited are: that conductance is always 
the reciprocal ol resistance; or misuse 
of instantaneous current values with 
impedance to obtain instantaneous volt 


age 


Non-Ferrous Metals, Part 2, 1955 Book 
of ASTM Standards, published by 
American Society for Testing Ma 
terials, 1916 Race St., Philadelphia 
3, Pa. $11.00 


The triennial 1955 edition of the Book 
of ASTM Standards comprises over 
11,000 pages and therefore has been 
divided into seven parts of which this 
1500 page hook is one The book con 
tains formerly adopted ASTM Standards 
and tentative specifications, methods of 
tests and definitions 

In the section on copper and copper 
base alloys a complete set of 1955 
standards on plate, sheet, strip and roll 
bar is included for all the common 
brasses and bronzes. There is also in 
cluded a new set of specifications for 
copper alloy pipe and tube. The section 
on solder metal includes a 1953 tenta 
tive specification on rosin flux core 
solder, A new tentative specification is 
in the new edition on electrical resist- 
ance alloys, also a method of testing 
the hardness of electrical contact ma- 
terials 

Several new specifications can be 
found on metal powders and metal 
powder products There are also many 
new spec ific ations ter electro-deposited 
metallic coatings 

Specifications added on aluminum 
base alloys include those relating to 
most of the casting grades plus many 
new tentative spec fications on aluminum 
for electrical purposes. The section on 
magnesium-base allove has also been 
expanded to include 1955 tentative 
specifications. There are also new spec 


hedtions on copper alloy ‘ lectric il Col 


ductors 
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Can You Use a Glass Tipped 
Adjusting Screw 

about this 

Size? 


vn 
Li 


If you make a relay, switch, thermostat or any component in which a metal 
part is adjusted by an insulated screw, please read on. 


As pioneers in the field of glass-to-steel hermetic terminals, Fusite has 


come to grips with many problems involving the interfusion of glass with 
metal. 


While we can only guess at the potential market for our tiny new product, 
we offer every assurance as to its complete practicality. 


These screws, now available in standard threads one through six, have a 


tip of high density glass actually fused to the metal (not cemented or 
pressed in). 


This promises perfect performance in the face of changing temperatures, 
humidity, friction, and corrosive chemicals. 


We will be happy to send you samples 
without obligation. 


Write Fusite Dept. D-3 


D>$>f 


“Ser THE FUSI g E CORPORATION 


6028 FERNVIEW AVENUE, CINCINNATI 13, OHIO 














more lives 
than a cat! 


Quality Construction 
-manufactured with 
extreme care 


cA 






Designed — with 
fresh, new ideas 
— manufactured 
with the newest, 
money-saving 
production techniques 


RELAYS 


are standouts for 
performance 


...- Built to last! 


One of today's most versatile relay lines, 
AEMCO relays ore “first choice” for more 
than 100 of the top names in American in- 
dustry. Design and construction is tops —for 
only the finest materials are used in AEMCO 
relays. Specify AEMCO and you're making 
your best relay buy. You'll profit by the 
newest production techniques that speed up 
delivery and save you money. You'll appre- 
ciate the prompt delivery on prototypes, 
the fast too! up for production. You'll find, 
too, that an AEMCO relay has more lives 
than a cat and is built to take it! Actually 
tested on the job, AEMCO relays are de- 
pendable and reliable . . . standouts for 
performance, 


AEMCO relays are available in a wide variety of 
spring and coil combinations, operating poten- 
tials and contoct ratings. Types include: Open, 
can, plug-in base, hermetically sealed, midgets, 
dual-purpose, delayed make or break, circuit con- 
trol, current and potential relays. Should one of 
the hundreds of AEMCO relay types fail to meet 
your exact requirements, we will be happy te 
design and build a unit to meet or exceed your 
specifications. 


MiheiTé Joany 


for more information on the stand 
ord AIMCO relay line, write for 


your free descriptive bulletin today! 





AUTOMATIC ELECTRIC MFG. CO. — 
93 STATE ST. * MANKATO, MINNESOTA 


- 








Men in Industry 


At Fairbanks, Morse & Co., Chi 
cago. |. W. Weiffenbach formerly chief 
product engineer has been elected di- 
With the com- 
Weiffen 


bach rose from chief engineer of the 


rector of engineering 
pany a number of years, Mr 
company’s diesel locomotive division to 
chief product engineer, am appointment 
1953 and which he 


held until his present election to posi 


he received in Jan 


tion of director of engineering 


Dr. Wendell 


pointed 


B. Sell has 
manager of the elec 
Machine 
he adquartered in Bos 


been ap 
general 
tronies division of American 
& Foundry Co 
ton, Mass. Formerly a project engineer 
with the Pilotless Aireraft Division of 
Boeing Aircraft Co.. Dr. Sell earned his 
Master of Science degree in electrical 


Johns Hopkins Uni 


versity in 1948 and his Doctorate in en 


engineering at The 


gineering in 1950, 


Supervision of new product develop 
ment will be one of the duties assigned 
to Dr. Robert E. Corby as a result of his 
appointment to the engineering staff of 
Wantagh, N.Y 
Ph.D 


Institute and 


Trio Laboratories. Ine 
Dr. Corby 


Rensselaer 


received his from 
Polytechnic 
has specialized on airborne computers 


He has been 


RPI and other universities 


a“ professor ot phy “lcs at 
and has also 
erved as a consultant to major elec 


tronics firme 


Minnesota Mining & Manufacturing 
Paul, Minn.. has appointed 
James E. Trask the head of the 
design department of its en 
division. Mr. Trask will be 


responsible for providing machine de 


Cao st 
central 
machine 
vineerinyg 
ign services for divisional engineering 


groups. including the new products di 


vision and the staff laboratories. The 


central machine design department is 


a new group within the engineering 


division 


Wayne C. Tustin has 
to supervisor of air-break switch engi 
neering at the Santa Clara Plant of the 
Pacity Division, Federal 
Pacify 


been promoted 


Sw ite hwear 
Klectrie Co 


Murray Simpson has been elected as 
pre sident of The W | 
Corp., New York 


research and 


sistant Vice 
Maxson 


eles tron 


heading 
development 
activities for the company, which spe- 
cializes in the design, development and 


production of precision equipment for 


aircraft, missile, and ordnance uses. 
Holder of two degrees in electrical en 
gineering, Mr. Simpson, prior to join 
ing Maxson. directed the development 
of a missile guidance system at Fair 


child Guided Missiles Division 


Major appointments in the engineer 
ing section of the G. E. Silicone Prod 
ucts Dept., Waterford, N.Y. include 
those of Dr. Stuart D. Brewer, manager 


resin product engineering, and Dr 


Frederick M 


development 


Lewis, manager-advance 


Melpar, Inc., Falls Church, Va., has 
advanced Robert S$. Butts to chief en 
Mr. Butts has served with the 


electronics firm since 1947 


pineer 
joining its 
staff as a senior engineer. In prior as 
signments he was actively engaged in 
the design and development of sub 
miniaturized equipment for piloted air 


craft and guided missiles 


Dr. Charles Watson Vickery has join 
ed the research staff of the main lab 


oratories of the United States 


Co. in Hoboken. N J 


Testing 


Robert P. Crago is the new 
manager of International Business Ma 
N.Y., Military Produ 

Richard J. Whalen 


named assistant general manager Mr. 


perme ral 


chine’s Kingston 
ucts Center, with 
Whalen previously was manager of en 
vineerimng at Kingston 


Harold D. Ross, 


development 


a post to which 


formerly manager of 


Kingston, 


engineering at 
r r 


has been appointed 


New chief 
Manufacturing Co., 
Paul Pick, 
the University of California and a staff 
Allen since 1951 


Allen 


Conn. 1s 


engineer of The 
Hartford 


an engineering graduate of 
member at 


Dr. Howard W. Boehmer who recently 
staff of Hycon Eastern Inc 
Mass., as assistant to the 


jomed the 
Cambridge 
vice president, engineering, has been 
Before jon 


Boehmer 


as consultant and was in charge of the 


elevated to chief engineer 


ing the company, Dr served 


system analysis and evaluation group at 
the Lincoln Laboratory of MIT 


intimately concerned with the develop 


He was 


ment of prototype air defense systems 
for the U.S. 


The Okonite Go.. Passaic. N J 
facturer of electrical wire and cable 
has appointed Rhea P. Lapsley vice pres 


manu 


ident in charge of research and product 
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FOR 
EMPLOYMENT 


This specialist wants to work for you 


PARKER-KALON /asterers 


Parker-Kalon Diwwiston, General American Transportation Corporation—Clifton, New Jersey 
Sold Everywhere Through Leading Industrial Distributor Warehouse in Chicago, Illinot 





development. In this capacity, Mr 
Lapsley will continue the company’s 
policy of placing major emphasis on the 
development of new products, and will 
be re sponsible for both the company re 


talk ab t search laboratories and the Okonite 
OU proving ground. Mr Lapsley has been 


a registered professional engineer since 









° ° e 1937 and holds a graduate electrical 
in unwuUl engineering degree from Alabama Poly 
J y technic Institute 


Dr. Severin Raynor has been appointed 
director of American Machine & Foun 
dry Co’s mechanical research depart . 
ment, Chicago. Since 1954, Dr. Raynor 
has been chief of the engineering divi 
sion, Chicago Midway Laboratories of 
the University of Chicago. The mechan 
ics research department develops and 
tests units in such fields as applied 
electronics, automatic machinery, in 


strumentation, and ballistics 


Formerly with the National Broad 
casting Co., New York, John E. McBrian 
has joined the development engineer 
ing staff of North Electric Co., Galion, 
Ohio, as a senior project engineer on 
electronics development. At NBC Mr. 
MecBrian was project engineer on tele 
vision systems. In further preparation 
for the type of engineering on which he 
will be assigned by North, he recently 
completed a series of studies in the 
laboratories of L. M. Ericsson Co., 
Stockholm 


in plastics too... 


William A. Marshall has joined the 


sila tai tiaes ih on hue sd staff of The Trane Cov’s project engi 
our wigs warm worrying about your neering department as a development 
plastic problems. The more complex the engineer. A 1940 graduate of the Uni 
shape, the more intricate the old versity of Colorado, Mr. Marshall has 
ee oa cal a Bachelor of Science degree in m 
ind many moons behind us! We can chanical engineering. His duties at the 
etheaently handle your job cor pletely LaCrosse, Wis.. firm will concern the 
from design to finish! Compression company's development program on 
transfer and plunger molding are second : 
cabal try ist packaged air conditioning systems 
In one pow-wow, we can tell you if Dr. John Sterner formerly vice presi- 
ae ate aaos > thenaced a roc on dent of Baird Associates, Inc. has been 
plastics or if the newer Teflon o named director of flight test operations 
glass-filled polyesters would for the guided missile research division 
serve you better of the Ramo-Wooldridge Corp., Los 
and speaking of iniunuity Steen Angeles, Calif. and director of the 
they'd go bald trying we your scalp guided missile research division. Dr. 
Kurz-Kasch can be a “heap big help” Sterner, who attended MIT, where he 
\ why not give us a call? received the BS and D.Sc. degrees in 


physics, will be headquartered at Pat 
rick Air Force Base, Fla 
BRANCH SALES OFFICES 
Mow Vork, Mt. Vernon. Me 4-4866 SPECIALISTS IN THERMO-SETTING PLASTICS FOR 40 YEARS john: 06. Carer, former chief of the 
Rochester Hillside 0626 Air Force's guided missile section at 


Beverly, Mass. Telephone: 65 Wright Air Development Center has 


Chicago Merrimac 7-1830 been appointed associate research di 

Detroit jordan 6-0749 rector of Lockheed’s missile systems 
tor 47 —_ 

Philadelphia " 6-008 division, where he will work directly 

Dollas logon 5234 


with Dr. Lowis N. Ridenour, the Divi- 


San Gabriel, Cal. Atlantic 7-9633 c . 
senge sion’s director of research. Mr. Carter, 

St. Louis Parkview / 1415 S$. BROADWAY. DAYTON 1, OHIO 

Atlonta Pethnnes S518 who assumes full-time duties at the 

Toronto, Can Oliver 7986 missile division on June 1, has spent 
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H-300 


(300 Werts) 


~, 
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I1li¢c,Il- 
WATTAGE 
H-H Rheostats 


“ ow the full Hardwick, Hindle line 
includes H-50, H-75, H-100, H-150, 
H-225, H-300, H-500, H-750 and 
H-1000. 

Our H-50 -75 -100 and -150 watt models 
have established in the field a great reputation 
for unusual ruggedness under abnormal con- 
ditions. They have proved themselves to be 
thoroughly dependable in service. 

Their many improvements are all incorpo- 
rated in these 5 new models, together with 


, (1000 Werts) 


added new features including our recently 
patented contact arm. 
All are designed to comply with current stand- 


ards of: - 
e Military Specifications MIL-R-22 
¢ R.E.T.M.A. « N.E.M.A. 


e Underwriters’ Laboratories, Ine. 


Write today for Rheostat Bulletin 355 


MAR DWICK, HINDLE, 


Rheostats and Resistors . NEWARK 5, N.J., U.S.A. 


The mark of quality for more than a quarter of a century 


INC. 





POTTER con tell you “why” 
POTTER can tell you “how” 


and POTTER can make 
the FILTER that will 
confirm that “how”’ 


Once it’s stated completely and correctly, 
a problem is half solved. 
Potter can put the facts and figures of 
your problem on paper... can 
chart its limits in laboratory tests... can 
engineer the solution. And Potter 
can embody that solution in 
subsequent design and production. 

Call Potter to engineer, design and 
produce the filter to solve your 
radio interference problem. 


Write for Bulletin 418. 


SPECIALISTS IN 
FIXED PAPER 
CAPACITORS 
SINCE 1925 


1950 SHERIDAN ROAD 
NORTH CHICAGO, ILL 


le division on June 1, has spent 

the past 18-years in responsible 
positions In the administrative 

ind technical management of advanced 


esearch and deve lopment program- 


He currently holds an appointment as 


consultant to the Air Forces’ Scientifi 
Advisory Board and also served as a 
member of the Technical Advisory 
Panel for Aeronautics in the Depart 
ment of Defense 


Al Gross, formerly vice president of 
Royaleall. Inc... Cleveland, has been ap 
pointed chief engineer of Cleveland 
Metal Specialties Co. The designer of 
the “walkie-talkie” which came to 
prominence during World War Il, Mr 
Gross will be in charge of the design 
and development of new products and 


of customer technical services 


In the Instrument Division of The 
Perkin-Elmer Corp., Norwalk, Conn 
John GC. Atwood has been advanced to 
director of engineering. With the com 
pany since 1948. Mr. Atwood, who 
most recently served as technical as 
sistant to the director of engineering 
has been involved in much of the com 
pany's development work, both com 
mercial and military. Before joining 
Perkin-Elmer, he was with the M. W 
Kellogg Co. as a member of a consult 
ing group working in connection with 
the guided-missile program. 


At Stromberg-Carlson, Rochester, 
N.Y... Malcolm P. Herrick has been nam 
ed staff assistant to John H. Voss, vice 
president in charge of the telephone 
division of Stromberg-Carlson, a divi 
sion of General Dynamics Corp. Prior 
to his new position, Mr. Herrick was 
chief engineer of the company’s radio 
television division. Associated with the 
Rochester, N.Y. company since 1944, 
Mr. Herrick will assist the vice presi 
dent on matters cone erning engineering 
and manufacturing 


Alfred J. Pote, who joined the staff of 
Hycon Eastern, Ince. in July as vice 
president and chief engineer, has been 
elevated to executive vice president and 
director of engineering of the Cam 
bridge. Mass. firm. Before joining 
Hycon Eastern, Mr. Pote served at the 
Lincoln Laboratory of MIT as head of 
the communication system design 
croup 


Russell A. Lampman has been pro 
moted to manager of the design services 
department of the engineering services 
division of the Burroughs Corp.'s re 
search activity in Paoli, Pa. A graduate 
of Lafayette College with a BA in ad 
ministrative engineering, Mr. | ampman 
joined the Research Activity in 1955 as 


an associate engineer 
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THE LATEST 
NEWS ON 
POSTFORMED 
PHENOLITE 


Manufacturers slash assembly time, eliminate rejects, 


improve products with PHENOLITE parts postformed 
by NATIONAL 


Production speeded, unit costs reduced—from plant alter 
plant comes news of big profits and savings through the 


use of PHENOLITE parts postformed by National. 


Reasons for their cost-cutting efficiency are: (1) National 
makes PHENOLITE in many grades with combinations 


of service properties unmatched in any other type of 
material, and (2) National’s applications engineers 
and fabricators are experts at adapting PHENOLITE to 
specific requirements. We can help you all the way from 
development of a material—through design—to the 


delivery of fully fabricated parts 


© Want to simplify design and speed production? 


It will pay you--in reduced unit costs or in 


pros ut 
improvement at no added cost to explore the advan 
tages of special, ready-to-use PHeNoLire par 


formed by National. Send us the problem tl 
ging you and be sure to ask for our ne 
Catalog on Puenoutre and other National pro 


prompt ithout oblieat 


% NATIONAL 


/ WV M N t +9 AWAR 


In Canada: National Fibre Company of Canada, Ltd. + Toronto 3, Ont. 


VULCANI/ED FIBRE . PHENOLITE LAMINATED PLASTIC . NATIONAL NYLON 
PEERLESS INSULATION ¢« KENNETT MATERIALS HANDLING RECEPTACLES e« VUL COT 


WASTCBASKETS © LeSTeRSHIRE TEXTILE BOBBINS « VULCOT PRODUCTS FOR THE HOME 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


one of National’: 
ya postlormed copper ¢ lad Pues 


tafl of applications engineers, show 


VOLT printed circuit 


Reverse bends and small radii — 
toughest problems in forming 

were involved in shaping thi 
spring-action Nap-on cover 
for a switch voltage chanywer 
National’s postforming techni 
cians used Puenourre C-534-1 


” 
to achieve a ie radius bend 


Cerrugated, bent, and punched 
alter forming, this insulator had 
to be made of extraordinary 
tock to withstand unusual 
tresses. National made use of a 
double die and PHenoners 
( 44-l to form the corrugated 
component without cracking o1 


fracturing the piece 


Bending and drawing in one oper 
ation ere ditheulties faced 


forming this bus bar 


in 
joint cover 
National ended the trouble by 
ising Puenorine X-114 

Puenotre can be formed or 
deep drawn casils without 
damage to the material and 


vithout expensive dhe 
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all kinds of “specials’’ 


“es Ae’ 





are “standards”! with 


CHECK THIS LIST 
[_] Anode Connectors [_] Tube Sockets 


C] Test Point Receptacles TC) Lugs ... Brackets . . . Contacts 


[_] Terminal Strips [_] Printed Circuit Wiring 
» +. alse Custom Moldings and Laminating . . . Stampings 


The complete line of MANDEXx Electronic Compo- 
nents is so big and broad ... chances are you can get 
what you want with no de lay for tool and die work. 
Costs to you are a lot lower this way . . . an important 
consideration when you’re next in the market for 
products such as these. 


Affiliate, P. R. Mallory & Co., Inc., Indianapolis 


SEND TODAY... ou: tee copy o se 


new 60-page MANDEX Illustrated Catalog . . . 
real “‘gold mine" of valuable data and einem 


+ 


CLIP COUPON AND MAIL! 


MANDEX MANUFACTURING COMPANY, INC. 
2610 West 16th Street « Chicago 8, Illinois i 
Gentlemen: Please send me my free copy of your new Catalog i 
NAME 
FIRM z 
ADDRESS i 
city ZONE STATE 





Company 


Briefs 


Kelocation of its expanding transis 
tor division in a new location in the 
Boston area has been announced by 
Minneapolis-Honeywell Regulator Co. 
Since the transistor division was formed 
two years ago, it has occupied facil- 
ities, on an interim basis, in the com 
pany’s main plant in Minneapolis. As 
soon as the new facilities become avail- 
able, the division’s various activities 
will be transferred to them, including 
production, sales and engineering 

In connection with the Boston opera 
tion, the division will establish a new 
applied research section to expand the 
application of high-power transistors to 
new equipment The company’s basi 
research work on transistors will con 
tinue at the company’s research center 


in Minneapolis 


Hooker Electrochemical Co., Niagara 
Falls, N. Y., is building a three-story 
addition at its Durez North Tonawanda 
plant for use as a product application 
laboratory. The new extension, which 
will connect with the present control 
laboratories, will involve the expendi 
ture of approximately $300,000 for the 
addition, its necessary equipment and 
for repairs and alterations to the ad 


joining building 


International Business Machines Corp. 
is constructing an airborne computer 
laboratories at Owego, N. Y. The new 
facility, which will have a total of 408 
000 sq-ft of floor space, will include an 
administration building comprising 72, 
000 sq-ft, an engineering structure of 
152,000 sq-ft, and a 184,000 sq-ft manu 
facturing building. The facility will 
house the Airborne Computer Labora 
tories’ research developmer.t and manu- 
facturing operations presently located 
at Vestal, N. Y., and at the company’s 
Poughkeepsie. N. Y., manufacturing 
plant 


Standard Pressed Steel Co., Jenkin 
town, Pa major manufacturer of 
socket-head fasteners, has added the 
Nylok self-locking insert as an optional 
feature for its precision socket-head 
screws and aircraft bolts. Under license 
from The Nylok Corp., Standard Pressed 
Steel and its affiliates, The Cleveland 
Cap Screw Co., Cleveland and Cooper 
Precision Products, Los Angeles, will 
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For 
assured accuracy of 


BEAM 
CONTROL 


and 


COLOR 
TRANSMISSION 


Various types and designs of signal lenses arranged for 
comporotive examinations 





i PRECEDING BACK COVER 


levote 


These characteristics in varying degrees and com- 
binations are vitally important in applications of 
lighting and glassware. The knowledge and ability 
required to develop exact light distribution and 
color values takes years to obtain. Kopp offers 
you this technical background, plus highly-organ- 
ized manufacturing skills, modern production 
methods, and a rigid inspection procedure. Regard- 
less of whether your problem is simple or highly 
complex, our engineers will be glad to submit a 
design to do the job 
We'll be happy to have you put us to the test 

without obligation 


hecking the 
effect of 
d tempera 
tures on the 
expansion 


KOPP GLASS, Inc. 


Swissvale, Pennsylvania 
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Regulation in less than '/soth cycle... 


+ 
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Output of typical electromechanical 
regulator. 





aa 


Output of Curtiss- Wright Distortion 
Eliminating Voltage Regulator from 
same input. Actual oscillograms of 
60 cps voltage. 


Actual 60 ¢.p.s. waveform 


PLUS Pure Sine Wave Power 








CURTISS-WRIGHT LINE REGULATOR 


@ Electronically regulates r.m.s. and peak voltage si- 


multaneously to * 1%. 


@ Reduces typical power line distortion to less than 0.3%. 


@ Furnishes 1.4 KVA of distortion-free power. 


@ Introduces no phase shift between input and output. 


@ Simultaneously provides additional 4 KVA of +1% 
electromechanically regulated power. 


Faster recovery time (less than 
Ve gth 330 
onds) plus the unique 
eliminate line these 
are the reasons why the Curtiss- 
Wright Distortion Eliminating 
Voltage Regulator has been chosen 
by more and more laboratories 
and production test departments. 
Besides general laboratory use, 
this line regulator provides sim- 


microsec- 


ability to 


cycle, or 


distortion 


FLECTROWNICS 


CORPORATION > 





pler, more accurate calibration of 
meters . . . better design of trans- 
formers, synchros, motors . . . 
casicr testing of such components, 
with fewer rejects easier, 
more measurement of 
magnetic propertics and receiver 
sensitivity better a.c. com- 
puter performance . . . elimination 
of fast line transient effects. Write 
for details. 


accurate 


Electronic Component & 
Instrument Sales Department 


) 


i ee ee | 


HT 


CARLSTADOT, WN 


incorporate the self-locking 


male threaded fasteners of all types 


device in 


New 


and base-metal strip to precision thick 


facilities for rolling precious 


ness have been installed by Handy G 
Harman, New York, to meet need for 
precision rolled thin metal strip. This 


precision rolling service is available for 
metals supplied by Handy & Harman 
or on a toll arrangement. The company 
at 82 Fulton St New York 
states that thickness tolerances can be 
held 0.0001 in 


of 0.001 in. thickness and up. 


lon ated 


as close as on strips 


Expansion program for the Evans 


ville division of Whirlpool-Seegar Corp. 
will cost in excess of $19,000,000 this 
year. First step was the start of work 
on a 90,000 sq-ft addition to the exist 


ing 962,000 sq-ft plant No. 2 acquired 


last year from International Harvester 
Co. In addition to the plant extension 
in Evansville, Ind., the program in 
cludes “more than $8,000,000 for re 
tooling of the 1957 refrigerator and 
freezer lines.” 

Westinghouse Electric Corp.'s trans 
former division has announced a $500, 


000 expansion of its specialty depart 


ment at Reynolds Development, near 
Sharon, Pa. The expansion program 
of the first at Westinghouse 
the end of the strike, 


pand the production of control, 


one since 
is designed to ex 
pen 


eral-purpose, dry-type distribution, ele« 


tronic, aircraft, and pulse transformers. 
General Transistor Corp., manula 
turer of transistors and germanium 


diodes, has opened a new plant and of 
130-11 90th) Ave., Richmond 
Meee 


fices at 


As part of its current plant expan 
sion program, Federal Pacific Co. is erect 
ing a new plant at 901 Regal Row in the 
Brook Hollow industrial district of 
Dallas. The Dallas plant will spe 
cialize in the 


lex. 


manufacture and distri 


bution of motor control centers, switch 
boards, panel boards and related prod 


ucts. 


Hastings Instrument Co., Inc., and 
Raydist Navigation Corp. 
solidated into Hastings-Raydist, 
Hampton. Va. ° The 


personnel remain the 


have been con 


Inc., 


management and 


same 


In a move to diversify its activities 


into the manufacture of lighter prod 


ucts, particularly electronic devices 


Harris-Seybold Co., 


large printing equip 


manufacturer, has purchased 
Airtronic Research, Bethesda, Md 
The acquisition is the fourth since 1953 
for the Cleveland, Ohio 

Airtronic has participated in the de 


guided 


Inc., 
firm 
missile 


velopment of various 


JUNE 1950 ELECTRICAL MANUFACTURING 








ADEE OUL EKVICE RDS. PRECEDING BACK COVES 419 


How papers by Mosinee make 
products safer, more efficient 


From cooling rooms to heating homes or iiletbbadababailba 


pres ~ ss 


guarding electrical apparatus — Mosinee 
specially developed papers help do the 
job better. 


N these and hundreds of other cases involving in- 
sulation, fabrication, lamination, processing or 
packaging — Mosinee papers play an important part 
in getting optimum results with minimum trouble 


and expense, 


It will pay you to find out how Mosinee experts 
cooperate with industry to dey elop spec ialized papers 


Current applic ations of Mosinee papers will suggest 





immediate ways in which you can make substantial 


Evaporative cooler pads for room coolers 
are made from Mosinee controlled paper. 
information, A high rate of moisture absorption with wet 
strength are two of the critical properties of this 


— eae . — highly specialized paper In addition, this paper 
PROTECTION on a on must be adapted to easy slitting and expanding in 


: the conversion operation for pad construction 
og ee : Here's typical Mosinee precision control at work. 


savings in time and money. Write today for complete 








Mosinee flame-resistant papers increase safety 
factor of filters employed in warm air heating sys- 
tems. The process of making these papers flame-resistant 
was developed by Mosinee technicians This process, appli 
cable to many types of paper, may help you solve a product 
or processing problem. 


MOSINEE PAPER MILLS COMPANY 
DEPT. EM © MOSINEE, WISCONSIN 


Special analysis Mosinee papers improve 
performance of electrical components. J hese 


| Qo 
a ) 5 ‘i t r electrical in ulation papers must be closely con 
[ > trolled to provi le a low ash and chloride content 
a . ) They are used extensively as layer insulation between 
<D Ly turns of field coils and in transformers — from 


Specialists in industrial paper technology — the smallest to one of world’s large st. Ask about 
makes fibers work for industry. Mosinee papers for your ¢ lectrical requirem nts 
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Your next problem— 





Nuclear Effects on 


Electrical Insulation? 


© Applications of atomic energy to industi ie a 
read ivnificant. The effect of high-energy radiatio 
i the materials used in electrical] energized indu 
trial machinery proce and power equipment contro] 
devices and instruments thus becomes an increasingh 


critical problem. To better understand the problem 
ind how to deal with it, EuecrricaL MANUFACTURING 
publi hed the 20 page st ift-researched re port Impact 
t High-Energy Radiation on Dielectric This report 
plus 14 other top editorial features are contained in 
the E_ecrmicaL MANUFACTURING Design Annual 


ELECTRICAL INSULATION 
AND DIELECTRICS 


PROBLEMS — APPLICATIONS — MATERIALS 


Thi 130-piage book brings together into one handy-to-use 
reference, the year’s most significant articles on electrical insula 
tion as related to product design engineering. All of the selected 
arti le S have appeare din recent issues of Exrcrmicart MANt bAC 
runING. They reflect the newest technologies and deve lopme nits 
in this swift-moving field 


kvery engineer who works with dielectrics should find this 
book an invaluable tool a handy source of current data on 
properties applications and test evaluations covering scores of 


new and basic types of insulation materials 


Each article has its own cited references, such as technical 
reports, conterence papers, et Included, too, is an annotated 
bibliography of all pertinent Execraicart MANUFACTURING arti 
cles—dating back to 1946—which contain data that are still ap 
plic able to current-day design problems 











Feature article content (with dates of original publication) in 
cludes: Research Progress in Dielectries (December 1954): The 
Epoxy-Resin System for Embedded Circuits and Components (April 
1955); Arcing Performance of Plastic Insulation (April 1954); Di- 
electric Strength of Solid Insulation (May 1954); Impact of High 
Energy Radiation on Dielectrics (June 1955): Deteriorating Influences 
on Dielectric Materials (July 1954); Ferroelectric Dielectrics (July 
1954); Applications for Gas and Liquid Insulation (June 1954): 
Glass-Premix Compounds for Molded Parts (March 1955); Filled 
Fluorecarbons—New Component Materials (February 1955); Evalu- 
ating Dielectric Properties of Plastics Laminates (October 1954); 
Plastics Laminates Standards (November 1954); Effects of Water 
Immersion and Humidity on Thermosetting Laminates (July 1955): 
Temperature Classification of Insulating Materials (September 
1954); European Developments in Dielectrics (August 1955). 








e@ The Design Annual is in handy file size 8% x 11 inches and is attrac 

tively bound with a heavy paper cover. It includes each article in complet 
form with all original illustrations, tables and text. Single copy price 4 
$3.00 on orders wcompanied by remittance. Orders should be addressed 
ind checks made payable to The (age Publishing ( OMNP ATS 1o% Sixt] 


Avenue, New York 20. N. ¥ 








projects and also manulactures other 
electronic devices and components. lt 
will remain in the Washington area 
with Joseph E. Butler remaining as 


president. 





A. 
created components division, Radio Cor- 
poration of America has appointed Wil 


general manager of its recently 


liam | Warrender, formerly plant 
manager at the companys Marior 
plant. The new division has its head 
quarters in Camden, N.J 


American Felt Co., (,lenville, Conn 
large manufacturer of felt and felt 
products, has opened a new district 
sales ofhce at the impire State Build 
ing in New York. Formerly located at 
20 Fifth Ave. the company’s district 
staff will continue to serve the Eastern 


seaboard area from Connecticut to 


Florida 





Semimetals, Inc., with offees at 15 | 
48th St., New York City and a plant 
located at 130-11 90th Ave., Richmond 
Hill, N. Y., is a new firm producing and 


selling germanium and silicon crystal 
growing and refining equipment. Com 
pany also will sell transistor grade- 
single erystal germanium and _ silicon 


and ingotor diced forms 


\ special coil winding and coil form 
service to supply small lots of intricate 
close tolerance coils has been an 
nounced by Sturrup, Inc., Middletown 
Conn, Tolerances on metal forms can be 
held as close as 0.001 in. Wire as fine 
as 48 can be wound either externally 
or internally with virtually no gaps by 
means of precision winding on specially 


designed fixtures 


Company name of Resin Industries, 
Inc., has been changed to Resin Indus- 
tries, a subsidiary of The Borden Co 
Address is still P.O. Box 1589, Santa 
Barbara, Calif 


Kinetics Corp., 549 Lincoln St., Hing 
ham, Mass., announces a new produc 
tion facility for vacuum brazing. An 
experimental facility is also available 
for working out customers’ problems 


and for producing samples for analysis 


Transfer of the production and mar 
keting of its line of recording instru 
ments from Dallas to Houston has been 
annaunced by Texas Instruments, Inc. 
In the future, recorders will be manu 
factured by TI's instruments subsidiary, 
Houston Technical Laboratories, 2424 
Branard, Houston 6 


Capehart-Farnsworth Co., Division of 
International Telephone and Telegraph 
Corp., has sold its television, high-fidel 
ity phonograph, and radio business t 


the Ben Gross Corp... New York. The 
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@ Mor 
pliance manufacturers are 
Sharon for such 
Sharonart, the 
Sharon Stainle 
in the industry 
li y ol 
uniformity G 
hot dip zin« 


and more of the nation’s ap 
turning to 
pecial steels as 
rolled-in design steel 
with the finest finish 
Deep Drawing Al 
high quality 


ilvanite “ 


consistent and 
an improved 


coated steel 


In fact, when it comes to 
to mprove p I 
come to Sharon 
special steels for 
and allied industries 


than 50 years 


special steels 
ict design or quality 
it pays to prime pro 
ducers of the auto 
motive, apphance 


for more 


SPECIAL 
STEELS 


SHARONSTEEL 


a 


t 


District? Sales Offices: Chicago, Cir 
indianapolis os Angeles 


Seattie, Sharon, Montreal, Que., Toronto 


Milwaukee, New Yor 


Ont 


Mipliance Manufacturers 
Should Have These Booklets: ’ 


430 STAINLESS — a complete review of a 
popular straight chromium grade, 

GALVANITE* —- The story of one of the 
most popular hot dip zinc coated steels. 


SHARONART* — Roiled-in design steels 
with excellent illustrations. 


"Trademark registered by Shoron Steel Corporation 


Dayton, Detroit 


niladelphia, Rochester 





Perfect Partners for your Wire Winders sc iisie ive sesieed Caper 


trademarks and certain other assets 
including the radio, high-fidelity phono 
graph and cabinet plant at Flora, Ind 
The Ft. Wayne plant and home office of 
Capehart-Farnsworth is being retained 
and is being used to further expand re 
search and development and manufac 
turing operations of the Farnsworth 
Electronics Co. Division of ITGT. 


W. L. Maxson Corp. and the Langevin 
Manufacturing Corp. have agreed to con 
solidate the sales engineering and cus 
tomer service activities of the Langevin 
Manufacturing Corp. with the Instru 
ments Division of the W. L. Maxson 
Corp. The Langevin Manufacturing will 
continue to manufacture its product 
line. Both companies are currently lo 
cated in the same building at 47-37 


Austell Place. Long Island City 1, N.Y 


W he ni completed, the new fac ilitic s 
of the Automatic Switch Co. is con 
structing at Florham Park, N.J., will 
double the capacity of the company’s 
present plant in Orange, N.J Auto 
matic Switch, manufacturer of solenoid 
valves and electromagnetic controls 
expects to move its entire operation to 
the new location by the end of 1956 
The new I-story building, having 120 
000 sq-ft of floor area, will occupy a 


30-acre site approximately 15 miles west 


of Newark. 


Major expansion plans of the Bryant 
Electric Co. include the establishment of 
a new completely integrated plant facil 
ity near Danielson, Conn., for the man 


ufacture of electrical wiring and switch 
Universal, designers and manufacturers 
of the worldfamous Toroyd Wire Winding “7 wholly owned subsidiary of West- 
Machines, again scores with the industry by introducing Hillside, N. 7 inatenes Misesits Gene. Mevane Meck 
the brand new Universal Toroyd Tape Winder series. 

Painstakingly developed and perfected to fill an urgent need for Co. is headquartered in Bridgeport. 

simplified automatic precision winding of all types of commercial Conn 

insulating tapes on toroidal coils, this new machine series is 

the world’s finest. Magnetic Amplifiers, Inc., New York 


has opened a West Coast division facil 
Exclusive UNIVERSAL features include: ity at 136 Washington St.. El Segundo 


Calif. The new western division will 


ing devices and appliance controls. A 


3 models, T-9, T-14, T-20, to wind tape from %” to 1”. provide closer contact with West Coast 


Core turning table with automatic feed and variable pitch. customers and handle the company’s 


Automatic device cuts tape at predetermined setting of desired tape footage. standard line of magnetic and transisto: 


Hand feeding attachment for hand winding. servo amplifiers, voltage regulators 


DC motor and variable speed control. analog computers and power supplies 
Operation by unskilled labor after only 15 minutes instruction. The new branch also will engage in en 
gineering and development activities a 


well as breadboarding, manufacturing 
Learn how to modernize your tape 


of prototypes and production 
winding operations at a_ higher- 


THE 


production, lower-cost ratio by in- International Telephone and Telegraph 
; ; Ae a ; ; 
vestigating this revolutionary neu aS RésYD Corp's Kellogg's Switchboard and Supply 
: , ° “aw ; 
tape winding series NOW. Address: Co. Division will occupy the new factory 
WINDING MACHINE : I 


Pree IT&T is constructing in Corinth, Miss 
“ACCURACY IS A UNIVERSAL WORD" _ UNIVERSAL MFG. CO Plas 


to meet the growing demand ot 


ince pe nae nt te le phone companies in the 


“ U.S. and customers abroad, the new 
UNIVERSAL MANUFACTURING COMPANY, Inc, /80! ill sever appreimately Tene 
410 Hillside Ave., Hillside, N. J. 


dustrial area 


MANLEACTURING 





What are you striving for product improvement? 
better equipment performance? a more economical 
process? A product made of ““Teflon’”’ by R/M could 
well be the missing link you’re seeking. For R/M has 
been working with this wonder plastic ever since it 
was produced and, with it, has solved some of the 
very toughest problems encountered in recent years 
by electrical and electronics engineers. 

It is quite conceivable that R/M has already 
faced your particular problem and come up with a 
solution to it. So take advantage of the skill, ex- 


you. The many different products pictured indicate 
R/M’s versatility in “Teflon’’ manufacture. We 
can fabricate to your own specifications or supply 
you with “Teflon’”’ in the form of rods, sheets, tubes 
or tape in 13 colors conforming to military standard 
color code. For further information, write today. 


Properties of ‘‘Tefion”’: High dielectric strength « Mois 
ture absorption zero ¢ Unaffected by weather ¢ Excellent 
heat stability up to 500° F. in continuous operation ¢ As 
tape, leaves no carbon residue along the discharge path 
e High impact resistance ¢ Nonadhesive ¢ Stretches easily 


perience and unmatched help that R/M can offer e Tensile strength 1500-2500 psi. *Du Pont trademark 


RAYBESTOS-MANHATTAN, 


PLASTIC PRODUCTS DIVISION, Manheim, Pa. 


FACTORIES: Manheim, Pa. + Bridgeport, Conn. + No. Charleston, S.C. + Passaic, J. « Neenah, Wis. + Crawfordsville, ind. « Peterborough, Ontario, Canada 


INC. 


RAYBESTOS-MANHATTAN, INC., Asbestos Textiles « Laundry Pads and Covers « Packings « Brake Linings « Brake Blocks « Clutch Facings « Fan Belts + Radiator Hose 
Rubber Covered Equipment « Industrial Rubber, Engineered Plastic, and Sintered Metal Products « Abrasive and Diamond Wheels + Bowling Ball 
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NEW —Full-vision 300° protected dial for 


fast, accurate readings. 
NEW —Large friction setting knob with integral push button. 
NEW —Repeat accuracy within + “2 of 1%, of full scale. 


NEW —15-omp. open-blade switches, positive 


quick-make, quick-break operation. 


NEW —Multi-position terminal block offers wiring flexibility, 


side or rear connection. 


rT penestt ’ r Powered by the high-torque (30 in. oz. @ 1 r.p.m.) 


Cramer synchronous motor, the Type 241 Automatic Reset 


i "y Taal “ Interval Timer has been designed and tested to new standards 


for maintained accuracy over a long service life 


Available in ranges from 15 seconds through 24 hours. 


d) = Write for complete information. 


SPECIALISTS 1N TIME CONTRO 


7icR. W. CRAMER CO., %«c. 


8, CENTERBROOK, CONNECTICUT 


Designing Servos 
by the Phase-Plane Method 


(Continued from page 106) 


portrait; hence the name “saddle 
point.” 

Two other phase portrait patterns 
of interest are the node and the limit 
cycle. Both stable and unstable nodes 
are illustrated in Fig. 34. The tra- 
jectory which intersects the zero 
velocity line at the node point does 
so at an acute angle; so the same re- 
marks about gradual asymptotic ap- 
proach in the saddle point case apply. 

A limit cycle is not a singular 
point. It is a closed cycle that repre- 
sents a trajectory limiting condition. 
Figure 35 shows two types of limit 
cycles. The stable limit cycle is a 
phase trajectory which represents a 
continuous oscillation approached by 
all trajectories in the vicinity of the 
limit cycle whether they lie within 
or without it in the phase plane. 
Actually the occurrence of a con 
tinuous oscillation in a servo such as 
the type that the stable limit cycle 
represents would classify the servo as 
an unstable servo. The term “stable 
limit cycle” is based on the fact that 
the limit eycle is approac hed in a 
similar manner to the approach to a 
stable focus. Figure 35(B) shows the 
unstable limit cycle. A little practice 
with a pencil tracing trajectories in 
the diagrams illustrated will help give 
the reader an understanding and feel 
ing for phase trajectories. The un 
stable limit cycle in the case shown 
separates initial conditions of the 
output shaft into two groups—those 
which lead to the stable focus at « 
and those which do not 

The design of a servo by the phase 
plane method is a cut-and-try ap- 
proach. The servo is analyzed, re- 
duced to equations or curves, and the 
phase trajectories cal ulated and 
plotted. The phase portrait is then 
examined, changes made in the servo, 
and a new phase portrait is derived. 
This process can be speeded up using 
electronic analog computers so that 
a new phase portrait can be drawn by 
the computer in a matter of minutes. 
Although only the response to an 
input step disturbance was dis ussed 
in this article, response to input 
ramps can also be dealt with in many 
cases, depending on the type ol non 


linearity present in the servo 
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If you work with small instrument type bearings 
you ‘Il find this new, authoritative publication an 
extremely valuable sail handy source of engineering 
data arranged in convenient form for practical 
reference 


LOOK AT THESE FEATURES 


eA helpful survey article: ‘‘FACiORS TO CONSIDER IN 
SELECTING SMALL INSTRUMENT BALL BEARINGS.” 


eA complete, practical presentation of bearing facts 
Type s of bearing [ ubri ation 
Materials Appli ations 
( omponcnts Radial and Axl play 
I ngincering tandards Torque 


Tolerances Mounting pra tice 
Dynamic and static loads etc 


® Large, clear illustrations. 

® Big, easy to follow charts 

® Convenient nomographs and conversion charts. 

® Simple bearing designations make ordering easy. 


ADER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


¥ 


af O06 ¢ o# 0608 @ | 


WRITE TODAY... GET YOUR NAME ON OUR 
PRIME DISTRIBUTION LIST FOR MAILING 
SOON - "HOT OFF THE PRESS”! 





Abstract and Comment 


High Production Motor Line Unveiled 


WHAT Is BELIEVED to be the world’s presses on movable mounts. Motor parts 
most modern factory for manufacture progress towards final assembly and 
of induction motors was unveiled in testing along roller-type conveyors, with 
Schenectady, N. Y., in April by General an overhead suspension system em 
Klectric’s Medium Induction Motor ployed for the handling of materials 
Department. Built at a cost of approxi and for such operations as moving the 
mately $7 million, the new facility was wound stators through an automatic 
designed to meet today’s rapidly  dip-and-bake processing. 
expanding motor market which is ex In the punch press area, for the 250 
pected to increase at least 75 per cent series frame diameters, seven punch 
industrywide. by 1965 presses have been linked together in an 
The new motor plant has made almost completely automatic operation 
possible a three 8-hr shift production that produces stator and rotor lamina 
cle on standard models of the 7! tions. The blanking press is fed con 
to 30-hp motors in Gl Pri-Clad 55 tinuously from coil stock. Under-the 
line. Formerly it took two weeks to floor conveyors move the material from 
produce these motors one press to the other, and another 


Standard models are manufactured conveyor system automatically removes 

in a straight-line flow on two assembly all the scrap from the area. In this 

WISH t HAD ORDERED lines, with special motors produced in — line, what is perhaps the highest degree 
i third line, drawing standard com of mechanization has been achieved. 

FROM GARRETT ponents from the other two. One line Krom the press area punchings move 
manufactures motors in NEMA 2541 by gravity-fed conveyor to a welding 

They never let you down on deliver- and 256U frames, the other frames 280 area where a machine automatically 


ind 320, Adoption of manufacturing puts 12 welds on the outside perimeter 
ies when you have to keep produc- 


processes new to motor production have — of the stator core. The stator core then 
t § e 

ion going full speed. reduced to two the number of major flows through an annealing furnace and 
You get what you order when you hand operations involved. These involve into a winding area, where the motor 


order it from Garrett. No waiting tator winding and a portion of final windings are inserted manually 


for late shipments. You can't beat motor assembly After the wound stator is placed on 
Garrett service. No worries about Streamlined materials handling has a conveyor, three varnishing and baking 
Garrett quality. Every Garrett harply increased production. Flexi eyeles are applied automatically. The 
washer, hose clamp, stamping or as bility has been enhanced by placing stator core is swung like a pendulum 
sembly is right up to the peak of all machine except the largest punch ifter emerging trom the varnish bath 
quality. High quality is assured by 
Garrett's “statistical quality control” 
system 

Next time no more headaches for 
me. I'll order from Garrett. Why don't 


you do the same when you need... 


LOCK WASHERS 

FLAT WASHERS 

HOSE CLAMPS 
STAMPINGS 


Manufactured by 


GEORGE K. GARRETT CO., Inc. 
Philadelphia 34, Pa. 


All motors receive running, noise and electrical characteristics tests automatically 
on rotating tables at the end of each standard production line. Table indexes on 
a 3-min cycle 


1956 ELECTRICAL MANLEFACTURING 





f i 
ROLLED AND MOLDED ARC CHUTE SHELLS, 
made by C-D-F for the I-T-E Circuit Breaker Com- 
pany for 7.5 and 15 KV air magnetic circuit breaker, 
are good examples of paper-base Dilecto doing a hard 
job. Each completely closed insulating shell (NEMA 
grade X) has flame-retardant construction, negligi- 
ble water absorption, and high dielectric strength at 


all points to withstand impulse test requirements. 


THIS HIGH-SPEED SAMPLING SWITCH, for missile 
telemetering and automation applications has a pa 
per-base Dilecto tubing body. Materials engineers at 
General Devices, Inc., selected Dilecto ‘‘for its me 


chanical properties and low moisture absorption 


High strength, low cost... 


8 3 paper-base Dilecto 


Excellent electrical properties, ease of machining and 
punching, with low costs are features of the many 
paper-base grades of Dilecto laminated plastics. Adapt 
able to forming, Dilecto is a mechanically versatile in 
sulating material that withstands difficult operating con 
ditions, moisture and temperature variations 


Insulating papers include kraft-alpha, cotton rag, and 
asbestos. Improved phenolic, or melamine silicone lami 
nating resins are used. C-D-F builds flame resistance 
into a paper-base laminate—you get a worthwhile, 
easier-to-machine substitute for a glass-base laminate 
C-D-F bonds copper uniformly to Dilecto you get a 
superior metal-clad laminate tor printed circuit appli 
cauions 


A big, reliable source of supply, C-D-F helps you tm 
prove design, simplify purchasing, speed production 
Look in C-D-F’s catalog in the Product Design File 
(Sweet's) for the address of your nearest C-D-F sales 
engineer. Write for samples and new Dilecto catalog 


ET : 


a 


NEWARK 13, DELAWARE 


ACCURATE MACHINING, SMOOTH FINISHING are two 
merits of paper-base Dilecto. Note the perfection of n illing 

1 threads! C-D-F has mass-production equipment, or 
can furnish sheets, tubes and rods with cost cutting ma 
chining information 





PROJECT: is. 


QUALITY ~~ 
CONTROL 


TARGET 


Chemi« 


Wilbur B. Driv 
NEWARK 4, 


For Over Thirty-five 


NEW 


-on every 
electrical and electronic application 
to final 
every test known to 


because from ingot 
in pection 
cience safeguards the quality of 
Wilbur B 
These tests 
specified! Why not consult a 

Wilbur B. Driver sales engineer for 


recommendations on precision 


Driver Precision Alloys. 


assure performance as 


alloys lor your applications, 


| Specielite ie “15 
\ PRECISION #7 
auors (> 
ae 
wo 


e 
a! Laborotory 


er Co. 
JERSEY 


Years Manufacturers of Dependable 
Electrical, Electror Chen 


al and Mechanical Alloys 


varnish 
stator 


flow of 
The 


conveyed to a 


to insure an even 


throughout the windings. 


cores are then station 


where they are pressed into the motor 
frame. 

The cast iron stator frames are ma- 
chined on a Natco multi-station boring, 
tapping, and drilling machine. This is a 
fully automatic transfer type machine. 
It replaces four separate machines. 

The rotor punchings pass in through 
a core plating operation where they 
receive a coating of special varnish 
The rotor punchings are then assembled 
and placed in a die casting machine 
where the rotor bars, end rings, and 
fan are cast in one piece of aluminum 

Four machines perform all the drill- 
ing, boring and tapping operations re 
quired on the end shields. Shafts are 
lathes. 


assembly, 


machined on automatic 


Ilo assist in final there 


is a lineup of transfer machines and 


holding devices that assures true motor 
alignment and speeds the assembly 
operation. 

From the assembly area the motors 
pass on to the stand 


illustrated, 


automatic test 
stations, the 
tested 
checked for noise, vibration, and quali- 
ty of insulation. If the fails to 


pass any one of these tests, it is auto- 


Here, in two 


motor is automatically and 


motor 


matically rejected. 

At the end of the line, motors are 
crated and loaded into the rear of the 
rack storage bins. From here they roll 
to the front by gravity and are removed 
This 
of the stock. 


In addition to the 


as needed gives automatic turn- 
over 
automatic test 
stand after assembly, each of the motor 


‘ he« ked tested 


where it is manufactured. 


parts is carefully and 


in the area 
The stator cores are tested for magnetic 


After the 


windings have been inserted, the stators 


properties after annealing. 
receive a high-potential test. Each rotor 


balan e. In addi 


completed 


is tested for dynamic 
this, 
selected alt 


tion to motors are 


random, torn down, and 
given complete mechanical and electri- 


cal Inspections every week. 


Advisory Group on Electronic 
Parts Set Up by Defense 
Department 


ORGANIZATION FUNCTIONS of the 


Parts 
its deputy secretary 
Allan M. Hadley 
at the National Conference on Electro- 
Magnetic Relays, held at Oklahoma 
A & M College in April. 

When the Research and Development 
Board 1953 and its 
functions transferred to the Secretary 


AND 


Advisory 


Group on Electronic 


was described by 
head, 


and technical 


was dissolved in 


of Defense, two Assistant Secretaries of 
JUNE 
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READE! 


What size 
isa 
quality 
fastener? 


Here are two ELASTIC STOP® nuts. 
Each has the familiar red locking collar. Each is self-locking 


vibration-proof and can be reused many times. Each is a fast, readily assembled 


one-piece unit... will maintain accurate adjustment anywhere on a bolt 


Each will aflord positive protection against thread corrosion prevent liquid 


seepage along bolts. Each is manutactured in quantity. Each is exactly controlled 


as to quality of raw material finished dimensions, class of thread fit, seat squareness and 


finish. Each has a record for precision and uniformly high performance that is unmatched 


But... one measures 1/10 inch across the flats; the other, 4 inches, Between these two 
there are more than 530 different hex nuts in the ESNA line. They are the result of 
variations in height. material, finish and size 


Look to ESNA for the top quality self-locking fastener that fits your need best 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Elastic Stop Nut Corporation of America 
Dept. N58-622; 2330 Vauxhall Road, Union, N. J 


ELASTIC STOP nut bulletin Here is a drawing of our product 


What self-locking fastener would 
you suggest? 
Nome Tithe 
Firm 


Street 


City 





SPIRALPOT' 


IMMEDIATE DELIVERY 


| Linearity 10 TURNS 


500 OHMS 
1000 OHMS 


2500 OHMS 


INFINITE RESOLUTION 
THROUGH TRUE 'STEPLESS”’ 
SLIDE WIRE ACTION 


Now available for immediate delivery, the Giannini Spiral 
pot precision potentiometer assures noise less accuratt 
performance through true “stepless” slide wire action. The 
rugged Spiralpot not only mounts identical to conventional 
wire-wound potentiometers, but has additional advantages 
inh lower weight and smaller behind-panel space 1 he 
molded plastic body is only 1.5 inches long by 1.5 inches 
diameter and the complete unit weighs only two ounces 
Low inductance and capacitance effects make it ideal for 
ac as well as de applic tions 

For immediate delivery ten turn Spiralpots having optional 
resistances of 500, 1000 and 2500 ohms are available as 
shelf items. Custom modifications with respect to resistance 
degrees rotation, linearity 0.1 standard 0.05 
special), shaft dimensions, rear shaft extension and special 
rotational tolerances can be supplied upon request 


For further information write for Technical Bulletin 85175 


G.M. GIANNINI & CO.,INC. ¢ PASADENA, CALIFORNIA 


ELECTROMECHANICAL DIVISION 


Eisenhower Asks for 
New Research Secretaries 


Emphasizing the importance of engi 
neering research in defense, on May 16 
President Eisenhower proposed to Con- 
yress that the Army. Navy and Air Force 
each have an Assistant Secretary in 
charge of research and development 
This was one of the recommendations 
of the Hoover Commission on Organiza- 
tion of the Executive Branch of the 
Government, At present only the Air 
Force has an Assistant Secretary for Re 
search and Development. 

These new officials, together with the 
Assistant Secretary of Defense (research 
and development) will collectively form 
an improved organization arrangement 
for the co-ordination of sound and inter- 
related research and development pro- 
grams throughout the Department of 
Defense 


Defense were set up, one for Research 
and Development, the other for Appli 
cation Engineering. The Advisory Grouy 
on Electronic Parts is an agency of both 
these offices. There is a similar Advisory 
Group on Electron Tubes organized in 
June, 1954 

The Advisory Group on Electronic 
Parts consists of three nonservice mem 
bers from a Technical Advisory Panel 
on Electronics and a member and a 
deputy from each of the three military 
departments. The chairman is Julian 
K. Sprague, president of the Sprague 
Electric Co. The two nonservice mem 
bers are Leslie J. Woods, vice president 
Phileo Corp., and Paul Darnell, dire 
tor, Military Apparatus Development 
Bell Telephone Laboratories, Inc. The 
Army member is A. W. Rogers, Signal 
Corps Engineering Laboratories. Fort 
Vionmouth N.J the Navy member is 
Edwin Mroz, Bureau of Ships; and the 
Air Force member is Amos Petit of the 
Wright Air Development Center, Addi 
tional observers have been added from 
all the military agencies 

In pursuit of its objective of a sound 
coordinated, and inte grated research 
ind development program, the Advisory 
Group on Electronic Parts attempts to 

1. Determine major goals and prob 
lems in the field of interest 

2. Determine the adequacy and prop 
er balance of plans, programs, and 
projects 

3. Insure interchange of research and 
development information among the 
various agencies of the Department of 
Defense 

4. Determine adequate coordination 
and include approval of projects and 


important changes in direction or s ope 
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DOW CORNING 
ee 


INCREASE ACCURACY OF SEXTANTS 


Air bubble rides in a chamber filled with | 


a Dow Corning silicone fluid to improve 


the performance of one of the most ac- | 


curate instruments ever developed for | 


the celestial navigation of aircraft. 


Bur 
Angeles, 


The periscopic sextant produced by 
ton Manufacturing Co., 
includes a timing and averaging mechan 
ism, a controiled periscope, and a bubble 
type sextant. 


Los 


The silicone fluid used to help compensate 
for changes in ambient pressure and tem 
perature during operation, was originally 
specified by the Bureau of Aeronautics and 
the Air Developed especially for 
this application, Dow Corning F-323 Fluid 
has an extremely low cloud point and a 
viscosity of only 0.65 centistokes. 
viscosity minimizes bubble movement due 
to aircraft 


Force. 


Low 


acceleration. 
vara) =6Freedom = from 

i ox clouding and 
low viscosity are 
retained at tem- 
peratures rang- 
ing from —65 
to more than 
170 F. The sili- 
cone fluid shows 
no sign of thick- 
ening, color 
change or gum- 
ming after more 
than 3 years of 
No. 85 


service 


CLASS H MOTOR STILL ON TEST 
AFTER 56,038 HOURS AT 240 C 


At 10 A.M., June 6, 1946, a Class H 
insulated 5 hp motor was generator 
loaded to operate at its test tempera- 
ture of 240 C in Dow Corning’s 
motor test labs. Every 500 hours 
since it has been shut down and ex- 
posed to 100% relative humidity for 
24 hours. As of 11 A.M. April 1, 
1956, this motor was still on test 
after 56,038 hours at an average 
copper temperature of 240 C! That’s 
equivalent to 341 ycars operation 
at the Class H temperature of 180 C. 


ATLANTA + BOSTON + CHICAGO 


Canada: Dow Corning 


READE 


| reliability of original equipment 


* CLEVELAND - 


FOR DESIGN 


| at ‘ 
aS 


Current Meters Have 400% More 
Capacity With Silastic Insulation 


With power requirements of the aver- 
age household doubling every eight to 
ten years, Duncan Electric Manufac- 
turing Company, Lafayette, Indiana, 
exercised considerable foresight in de- 
veloping 50-amp socket-type watthour 
and demand meters that can handle 
continuous loads as high as 200 
amperes. Duncan designers utilized the 
dielectric and physical properties of 
Silastic,* Dow Corning’s silicone rubber, 
in engineering 4 times more capacity 
into a standard size meter. 


Ihe copper specified for the current coil of 
the new meter is considerably larger than 
that normally used. This means that the 
space available for the current coil insula- 
of 


insulation” 


known as 
Duncan's 
the 
insulation must be of the very best type.” 


belts 
in 


tors—a_ set rubber 


“britches iS, 


words, “limited 


and, therefore 


It must resist surges caused by lightning 


and withstand maximum loads for 


long 
The 


insulation must also have enough physical 


seriods of time without deterioration 
f 


strength to prevent damage during shipment 
or installation, and be completely resistant 
to cold flow. Moreover, it must retain its di 
electric and physical properties for the full 
life of the meter, usually about 30 years 


lo meet these rigid requirements Duncan 


pecifies insulators fabricated from Silastic 


PAT 


Now available—1956 Reference Guide to Dow 
Corning Silicone Products. A compre 


hensive, 12 page reference that is convenient-to 


concise, 


use. It's packed with data, properties, and in 


formation on how you can use silicones in desigr 


| ing new equipment, improving performance and 


No. 87 


DALLAS * 


nto; 


DETROIT 


Great Britain: Midland § 


No. 86 


silicone News 


ENGINEERS 


| Silicone Lubricant Improves 
| Operation of Voice Recorder 


further extend the usefulness and 
life of their unique 
“Voice-Master” dictation recorder, Mag- 
netic Recording Industries of New York 
has changed to silicone lubrication of 
all moving parts. 


To 


maintenance-free 


Since the consistency of the silicone lubri- 


cant remains relatively 
temperature 
be moved 


mobile at below freezing into a warm room 


constant 
the 
directly 


over a 
Voice-Master 
from 


wide span, 


‘can an 


auto- 
and operated immediately at proper speed.” 
Moreover, relubrication of the unit is sel- 
dom, if ever, necessary, 


Although the silicone lubricant costs more 
initially than the petroleum grease used 
previously, Magnetic reports the increased 
cost per unit is so low that “in reality it 
adds nothing to the cost of the complete 


Voice-Master.’ No. 88 


“151 Uses for Silicones in Metalworking.” 
A reprint from STEEL, condenses and lists known 
applications for silicones in Design, Production, 
Maintenance and Miscellaneous categories. Pro- 
vides a quick reference as to how Dow Corning 
Silicones help solve problems in many segments 


No, 89 


of the metalworking industry 


Design Edition 21 


DOW CORNING CORPORATION - Dept. 4506-8 


Midland, Michigan 


Please send me 65 86 87 68 89 
NAME 
TITLE 
COMPANY 
STREET 
CITY 


ZONE STATE 


* LOS ANGELES *« NEW YORK + WASHINGTON, D. C. (Silver Spring, Md.) 


1., London; France: St. Gobain, Paris 
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of such projects prior to initiation to 

insure Maximum economies. 
5. Advise the Joint Coordinating 
Committee on Electronics and the As- 
sistant Secretary of Defense (R&D) or 
needs for funding research and develop- 
ment activities and facilities in the 

field of electronic parts. 

V "2 se 6. Evaluate research and develop- 


| ment activities for adequacy and 


timing in view of strategic guidance, 

if eu us} small technical limitations and advances, and 
potential threats to national security. 

7. Consider measures to improve 


Qn reliability of all electronic parts. 
‘geat ae ry ons To assist the Advisory Group on 
a | Electronic Parts, eight working groups 


have been established. 
1. Assembly and subassembly tech 


iT WILL PAY you TO CHECK~ niques for the automatic assembly - 


electronic parts and printed circuits 


i yeneral reliability studies, protective 
’ ie 
GRC S S OCK S| 1 | E | packaging (exe luding transport pac K- 
iging) and heat transfer tec hniques 
Before you order gears or pinions, see GRC’s new Stock Sheet > Canacitors 
All items listed ore cast from stock dies, individually or in - apr . 
various combinations of gears, pinions, hubs, shafts, etc §. Coils. inductors, and transformers 
Holes, shofts spacers, shoulders, etc., are made to your exact M ca 
specifications at no extra tool charge, quantity permitting b. Electronic aterials 
Maximum OD about 1')", with '/\5" face width; wider 5. Electromechanical devices, in lud- 
faces for smal'er diameters. ¢ Unusual shapes, extra precise : 
requirements, available on special order ing relavs. switches. connectors, indicat 
Write today for new stock sheet and samples oS ing instruments vibrators, rotating 
On ~ mame te ue QuerA- machinery and mounting devices, 


6. Frequency control devices. 
GRIES REPRODUCER CORP. 7. Transmission lines 


8%. Resistors. 


) 
World's Foremost Producer of Small Diecastings : i aiid 

149 Beechwood Ave., New Rochelle, N. Y. © Phone NEw Rochelle 3-8600 A full-time technical and administra- 

tive secretariat has been established 
the University of Pennsylvania, in the 
Moore School Building at 200 South 33 
‘6 . . . Ss *hiladelphi: Jirector of the opera- 
Your “work book” for insulation problems . . . t., Philadeiphia. Director of th Rc 
tion is Brig. Gen. Edwin R. Petzing 


ELECTRICAL INSULATION USA, (Ret.) 
AND DIELECTRICS Center of Information 


| ERE’s a design manual that’s a virtual must for engineers who \s a goal the secretariat hopes to be 


need to keep pace with current technology in the swift moving come accepted as the primary center 


field of electrical insulation and dielectric materials for information on electronic parts in 

The editors of ExectricaL MaNuracturinc have assembled into tended for use in government equip 
one handy-to-use 136-page book, a selected group of articles dealing ments. With the AGEP secretariat in 
with the application of insulation and dielectrics in the design and full 
development of electrically operated products. Many of the articles 
include exhaustive, critical appraisal of property characteristics and 
application possibilities 


possession of all R&D information 
pertaining to completed, current, and 
even to future contracts, a place now 


' vs bh a ' teteal la exists where representatives of the 
ealure article content (with dates of origina yublication) in- > 
cludes: Research Progress in Dielectrics (December 1934): The Epoxy- military and of both actual and potential 
Resin System for Embedded Circuits and Components (April 1955); government contractors can turn for 
Arcing Performance of Plastics Insulation (April 1954); Dielectric information 

Strength of Solid Insulation (May 1954); Impact of High-Energy Ihe 
Radiation on Dielectrics (June 1955); Deteriorating Influences on 

Dielectric Materials (July 1954); Ferroelectric ee te Al (July 1954): lessening cases of undesirable duplica- 
Applications for Gas and Liquid Insulation (June 1954); Glass-Premix tion of research and development effort 
Compounds for Molded Parts (March 1955); Filled Fluorocarbons within the Department of Defense and 
New Component Materiale (February 1955); Evaluating Dielectric 
Properties of Plastice Laminates (October 1954); Plastics Laminates 
Standards (November 1954); Effects of Water Immersion and Humidity comiractore 

on Thermosetting Laminates (July 1955); Temperature Classification \ primary purpose for the creation 
of Insulating Materials (September 1954); European Developments in of a coordinating agency within the De 
the Dielectrics Field (August 1955). 


* secretariat also aims to assist in 


among actual and potential government 


partment of Defense was to prevent 
needless duplication of effort by the 
three military services. Just as wasteful 
e@ The 136-page Design Annual includes each article in complete form with of time and money are 
all original illustrations, tables and text. Single copy price is $3.00 on orders 
accompanied by remittance. Orders should be addressed to: J. A. Campbell, Oh ts alead & ie aa eles 
Director Reader Service, The Gage Publishing Company, 1250 Sixth Ave., - ae a. mee Oeen © a plas 
New York 2%) he ing done pro« eeds to duplicate work 


An annotated bibliography lists earlier articles containing design 
data applicable to current problems 


those cases 


where industry, because it has no way 


already in progress or completed. 
Kach contract is watched by the secre- 


LLECTRICAL MA 





how HYLUGS solved 
critical thyratron 
requirements 


Contact requirements for inert gas filled thyratrons and 
rectifiers are among the most severe to be found any- 
where in industry. Faulty pin-and-socket contacts are 
often the cause of tube failure. 

About 8 years ago, Electrons, Inc. designed a 16 am- 
pere tube with bracket mounting and flexible leads 
ending in Hylug connections. Performance proved so 
dependable that Hylug connections were adopted as 
standard to many types of rectifiers and thyratrons 
including special thyratrons developed for military air- 
craft applications, 

Out of the many thousands of such tubes now in serv- 
ice, only 3 instances of tube failure due to contact re- 
sistance in the filament lead have come to the attention 
of the manufacturer and those were obviously caused by 
careless tightening of lead nuts. 


Hylug connections are superior 


because ° 


Instead of 4 pounds or less con- 
tact pressure, Hylugs easily main- 
tain pressure of many hundred 
pounds. 


Mechanical shock or vibration, 
which causes tube to deflect 
slightly, does not affect contact 


surfaces. 


Radiation surface and air circu- 
Jation between cathode and con- 
tact reduces danger of contact 
oxidation. Tube runs appreciably 


( ooler. 


4 No corrosion problem. 


Send for your copy of BURNDY 
HYDENT Catalog Y53... includes 
complete information on HYLUGS 
and entire Hydent system. 


NORWALK, CONNECT. FACTORIES: New York, California, Toronto TORONTO, CANADA 
EXPORT: Philips Export Corporation 


PRECEDI 





tary of the cognizant working group, 
and notations are made of successes and 
failures encountered in the course of 
the work. Provided there is a recognized 
“need to know,” it will be possible for 
government laboratories and contractors 
to keep abreast of current research and 
development work in a manner which 
can be beneficial to all concerned. 

Mr. Hadley told his audience that if 
they needed a component part which 
differs from those currently available, 
contact the secretariat, giving the reason 
for the requirement and the specifica- 
tions desired. This request will be 
turned over to the appropriate working 
group for their consideration. 

If a company has an idea for a new 
part which could represent a significant 
contribution to the state of the art send 
in the idea. Tell what you propose to do, 
how you propose to do it, and what you 
believe would be the value of such a 
program. The secretariat will then pro 
ceed to place your proposal in the 
hands of the proper persons within the 
military departments y 


to SPEED 
YOUR PRODUCTION 


SMALL PATTERN KLEINS 
WITH NEW COIL SPRING 


You just can’t beat Klein pliers for 


Plastics Arc Quenchers 


smooth, easy Operation—for steady 


ceeenaiidiiiae dependability whatever your pro- for Small Breakers 


cutting plier duction job. That's because Kleins 
are quality made of finest tool steel, (Continued trom page 140) 
precision fitted—individually tested. 


307-5'AC Handles fit the hand to perfection— 
slim long-nose plier ‘ 


knives shear through toughest wire anhydride to the sides of the breaker 


yf with ease case in the are area, approximately 


3 ; : ly, in. thickness, it was possible to 
—— And now the Klein plier selection is obtain 6000 operations at rated load 
203-6-SCP-C bigger than ever—in standard size a-c and three operations short cir- 


; - 9) 
needle-nose plier patterns—in new compact patterns cuit at 5000 amp, 120 volts, 


. : ; %- By venting the breakers properly, 
specially designed for intricate wiring good diclectric strenaths were also 
and cutting in confined space. Avail- attained. On d-c, it was possible to 
317-5%4C able with or without a flexible steel go from 150 amp to 400 amp, 125 

chain-nose plier leaf spring. volts for better than 50 operations. 

The improved coil spring repleces Phthalic anhydride has rather a low 
former leaf and volute springs. melting temperature and because of 
Write for your free this some difliculty was anti ipated, 

ASK YOUR SUPPLIER copy of the Klein As the breakers heated, the phthalic 
Foreign Distributor: Pocket Tool Guide. anhydride would flow, leaving the 
International Standard Contains informa- phenolic case exposed to the are. 
Electric Corp., tion on all types of 


Selected fillers reduced this tendency 
New York Klein Quality Pliers. 


somewhat. On occasion, complete 


combustion would not take place. 


When this occurred, soot developed 
WEES a Sons causing dielectric failure. 
Established 1857| It was believed that the sublimation 


of the phthalic anhydride from the 
7200 McCORMICK oe yer { the phthalic anhydride from t 


solid to gaseous state, plus the near 
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WYP Y ae ns 
Pe bai 


SPECIAL BALL BEARINGS 
Since 1902 


WRITE FOR 
CATALOG NO. 150 
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complete combustion of hydrogen and 
oxygen was the major contribution to 
good are interruption. Our intensive 
search was then directed to materials 
that would give these desired prop- 
erties. 

The first series of controlled tests 
were confined to the use of hydro 
quinone and phthalic anhydride. 
Ratios were started at 90 per cent 
phthalic anhydride to 10 per cent hy 
droquinone The best balance for 
performance improvement was de 
termined by trial and error. Less soot 
and improved interruption were ob- 
tained. The flame escaping from the 
breaker vent ports, during interrup 
tion was blue-white, indicating both 
high temperatures and complete com 
bustion. Dielectric strengths remained 
very good after 50 operations on d- 
ind also on a-c, specifically where the 
ratio of hydroquinone was better than 
90:50. This indicated that the libera 
tion of organic particles was not gen 
erating carbon but was contributing 
, to are interruption and improved di 
eet! nna a) electri acai | 

Flow of the chemical at operating 
al ol @y temperatures was not a factor but 

© introduced the proble m of brittleness. 

pe ; In previous tests, it was found that 
; castor oil-based polyurethane gave 

and tole) C i a . fain performance In an acknowledg 
, ; ment of its superior adhesive tend 
molded ET ae EWE AO encies, small percentages were added 
to the hydroquinone. We found that 
as little as 10 per cent of the poly 
urethane reduced the brittleness of 


ve vEL EL the mix and made for excellent ad 
on aee. | TEMPERAT RES 





herence and satisfactory perform 
ance 


As in previous tests, experimenta- 


© tion was made with various combina ° 
TO SOLVE h ter iture compo 
: tions of fillers. The major contri 
! ——_ = bution, however, appeared to come 
C.D = from the control of particle size . 
through the use of silica and similar 
refractory materials. A mesh size of 
ef about 10 to 12 definitely decreased 
" the rate of hydroquinone entering the 
! u irc and would also in effect throw 
i i Cel CLUSIN us small particles of silica into the flame. 
, | , ; i a a This reduced the temperature, thereby 
E-66. ; ii improving interruption 


\ determination of the proper dis 


. tance of the chemical arc material 


(W) from the contacts or the point of are 


CORNELL-DUBILIER CAPACITORS "sie 


ity of contacts to the chemical at the 


“ . ; , as point of opening, a direct relationship 

, was observed between the material 

and contact points. The distance of 

THERE ARE Mo! ' ; AY THAN AN , naan the formulation to the are and the 
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MACALLEN COMPANY 


NEWMARKET, NEW HAMPSHIRE CLEVELAND: 1231 SUPERIOR AVE. 


BAY ROAD | CHICAGO: 565 W. WASHINGTON BLVD. 
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JO iE | activity of the se compounds limits the 


flame to emall proportions which in 


Another avenue of approach was 





proper air conditioning which is a 


direct relationship to optimum vent- 


Matching industry growth, Joliet has expanded ing. On a-e we were able to complete 
its own facilities—providing the reserve capacity the UL requirements, which called for 
and the flexibility required to meet both regular 6000 operations on the rated load, 50 
and emergency immediate shipment require- apersions on omerees san Cape ’ 


s short circuit tests at 5000 amp. 120 
ments of its customers. Joliet remains the world’s eee shes —— 


foremost producers of washers—standard and 
special, any metal, any size, any quantity. 


volts. In one instance a chemically 
treated 20-amp breaker successfully 
interrupted the circuit when exposed 
: se ee to a 10,000-amp, 120-volt short cir- 
JOLIET WROUGHT WASHER COMPANY e Joliet, Illinois er 
The results of this program, after 

more than 700 resin formulas had 

been tried, indicated that a subliming 

No. 1 material with a melting point of ap- 

proximately 170 C combining inert 


Source a and a binder would produce a 


are quencher. The distance of 


eo the chemical compound from the 
with point of contact opening played an 
extremely important part as did the 


No. 1 Piants grain size and type of inert filler 


The following reasons were deter 





































mined as the primary considerations 
promoting are quenching 
1. The sublimation of hydroquinone 

a at the optimum rate when exposed 
to arcing temperatures of better 
than 1300 | 

2. The highly eflicient combustion of 
the compound under are which 
reduces the amount of conductive 
compounds (mainly carbon) on 
critical areas. 

§. Predetermined use of fillers to 
control the rates of erosion and to 
reduce temperatures of the are 

1. The use of materials which evolve 
balanced ratios of hydrogen and 
oxygen for excellent are extin- 
guishing properties, 

A modern small circuit breaker 
(10 through 50 amp) is a highly de- 
veloped device, deceptive in its sim 
plicity. It is capable of interrupting 
high currents of 5000 amp, 120 volts 
in | to 4 eyeles. Further research into 
the fields of arcing phenomena may 
produce those elements which will 
make far more perfect are quenching. 
Chemistry in the electrical are has 


only just started 


No. 217 


Write for catalog listing standard washer 
shapes and sizes. Special washers, too 
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New Taylor 
Copper-Clad Laminates 


now available in production quantities 


After months of research and experimentation, Taylor 
is now in production on two brand new copper-clad 
laminates that give you opportunity to realize --on a 
sound basis—the full potentials of printed circuit 
construction, 


Produced by an exclusive Taylor process that per- 
mits the use of readily available, high purity rolled 
copper, these laminates are supplied in two grades 
XXXP-242 Copper-Clad, with a premium quality 
phenol paper base material; and GEC Copper-Clad, 
with a superior epoxy glass base material. 


‘Taylor makes both of these copper-clad laminates in 
sheets approximately 37 x 49 inches in thicknesses 
from .015 to .25 inches .. . with copper on one or both 


sides. 


Whatever your experience with copper-clad laminates 

. Whatever your ideas on the subject it will be to 
your advantage to find out just what the new Taylor 
materials can do for you. Contact the nearest Taylor 
sales engineer ... for more information or for your 
sample order 


TAYLOR FIBRE CO. Plants in Norristown, Pa. and La Verne, California 


Branch Offices Distributors 
lantc etroit” Philadelphi 
Atlanta Detr ladsiphia a) ae 
Boston” Indianapolis Rochester” 


Houstor 
Chicago* Los Angeles San Francisco” ‘ 


oy lee. ae sini Laminated Plastics 


Dayton* New York” Rockville, Conn Toronto 


Vul 
*Teletypewriter service at both plants and these branches U C a n | Z e d F | b re 


$41 





FEDERAL PACIFIC 
adds new flexibility to 


MOTOR CONTROLS! 


Three-way application 
with this single unit! 


Convenient simple 
ing...the new Federal Pacific Motor 
Starter Conversion Kit literally per 
mits triple duty performance from 
NEMA | enclosures size 0 through 3 
allows each to perform as either re 
mote control (Form 1), local control 
(Form Il) or selector switch (Form 
11]) motor starters! 


SIMPLIFY INVENTORY — simply stock 
the basic starter plus Form II and 
Form II1 conversion kits and you can 
meet motor starter requirements up 
to NEMA size 3 


QUICK SIMPLE CONVERSION — no 
necessity to punch out or knock out 
holes to facilitate conversion. The fa 
cilities are designed into the unit 


COLOR CODED WIRING — color cod 
ing eliminates confusion...makes wit 
ing a quick, simple operation. 


time consery 


Get triple duty performance 
in minutes 


FMST— Remove cover 
and add desired con 
trol block 


SECOND — Unscrew old 
nameplate and re- | 
move 


TWIRD — Replace with 

new nameplate and 

the job is complete. \ 
NU 
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Finest Products Engineered 


FEDERAL PACIFIC ELECTRIC 


COMPANY 
50 Paris Street, Newark 1, N. J. 


A RR AT SRNL A EE ES 


All-Transistor 
Servo Amplifier 


(Continued trom page 149) 


sheet metal sandwich. This material 
can be shaped into almost any desired 
form factor. And either air or fluid. 
at controlled temperatures, can be 
forced through the tubing to assist 
in the dissipation of heat. Compo- 


nents, such as 


transistors, can be 
mounted on the chassis in areas that 
are not near the tubing, or, in holes 
through the tubing as desired. Figure 
9 shows an experimental Roll-Bond 
printed chassis. heat from 
the collector junctions is dissipated 


wherein 


by foreed air passing through the 
tubing. 

Performance. Performance of a 
transistorized servo amplifier mount- 
Roll-Bond chassis is sum- 
marized in Fig. 10. Only the amplifier 
was placed in the hot-cold box during 
these tests. Curve 


ed on a 


1 shows the varia 
tion in total amplifier current as the 
temperature was changed (for maxi- 
mum 


input “no-load* 


attached to the Size 15 motor). This 


signal and 


curve shows a slight hysteresis effect 
on repeated cycling and continuous 
operation of the amplifier. Total cur- 
rent ine reases leakage 


current Je, increased with tempera- 


because the 
ture. This causes an increase in the 
d-c collector dissipation and decreases 
the amplifier voltage and power! out- 
put (at higher temperatures) as 
shown in Curves B, C, 

For the closed-loop servomecha- 
nism shown earlier, the error signal 
was 0.5 volt for an input speed of 
28 rpm. Curves D, E, F of Fig. 10 
show the relationship of servo error, 
and push-pull control winding volt- 
age and current, as the ambient op- 
erating temperature of the amplifier 
was varied. Although the voltage gain 
is constant over the temperature 
range, the increase in control (col 
lector) current means that sinusoidal 
slightly at 
higher temperatures, for the 


power output decreases 


reason 
indicated previously. This perform 
ance 1s superior to many vacuum tube 


SCTVG 


amplifiers operating under 


equivalent conditions. 
Acknowledgments 


thank the 
Minneapolis- 


The writer wishes to 


Transistor Division, 


Reader 
Inquiry 


Service 


See insert 


preceding back cover. 


e A regular feature in each issue, 
the Reader Inquiry Service in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge, 


. Additional information from the 
manufacturer on any product 
or service described in New 
Components and Materials de- 
partment in the current issue. 


. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Design Engineer in each 
issue. 


. Single copies of reprints of 
selected feature articles cur- 
rently listed in Editorial Re- 
prints section. 


. Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated in the Reader Inquiry 
Service post cards. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ea within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail- 
able without charge through the 
Reader Inquiry Service are listed 
in “Editorial Reprints” depart- 
ment on page 282 of this issue. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including multiple reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries. 
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in color tv, too 


CRUCIBLE PERMANENT MAGNETS 


for beam correctors, color purifiers and color equalizers 
give maximum energy... Minimum size 


Designers of electronic and control equipment can 
count on a consistently higher energy product 
with Crucible alnico magnets. Jt means greater 
power from a minimum size magnet! 


And they’re available in practically any size 
you want—from a fraction of an ounce to 
several hundred pounds. What’s more, Crucible 
alnico permanent magnets can be sand cast, 

shell molded, or investment cast to your exact 
size, shape, or tolerance requirements. 

Crucible has been a leading producer of these 
permanent magnets ever since alnico alloys were 
developed. And their manufacture is backed 

by over a half century of fine steelmaking 
experience. That’s why so many magnet 
applications begin at Crucible. 

Crucible Steel Company of America, 

The Oliver Building, Mellon Square, 

Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 





TERMINATE PRECISION RESISTORS 


WITH SPEED AND RELIABILITY 


resistance wire 
welded to leads 
without stripping 


enamel * 


precision stored-energy welding 


WELDMATIC MODEL 1012 TWEEZER TYPE WELDER 


welds fine wire to leads or tabs while resistor is on winder 
Enamel strippir g and flux contamination eliminated 
with production time halved. Welded conr 


ection 


is very positive, stable, and rugged 


*Made by 


UNITEK CORPORA. TION 
258 Halstead Avenue * Pasadena 8, California 


Write for Complete Technical Information 
on Stored Energy Welding 


Mnittk 


WELDMATIC 


. 8 627 6 
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SELF- 
LOCKING 


SET SCREW 


makes possible savings as much cs 25 to 50% 
This latest Setko Set Screw is for applications in 
which slabbed portion cannot extend beyond 


422415 YIOW TLL “OD ‘OIW F MINIS 13S 


SMBIIS 425 OmsesS J2uUC 
‘He;HoOg 


tapped hole. To permit flush insertion this screw 
is made with an undersized slab. You can set it 
to the same holding power as an equivalent size 
socket screw, with SAVINES In COSt ranging up to 
25 and even 50%! Tamper-proof, resists acci 
dental removal, special wrench for use when re- 
moval is desirable 


crevy 
& R4fg.Co. 


112 Mein $t., Bartiett, Ill. (Chicego Suburb) 


srourt] 


Fill in and mail Coupon at the 
right tor turther data 

on this and other special 

Set Screws 


Honeywell Regulator 


its enthusiastic cooperation, and a 


Company, for 


knowledge the supporting actions of 
the Transicoil Corporation and the 
Western Metals Division of the Olin- 
Mathieson Chemical Corporation, and 
the following individuals, A. H. 
Kettler, H. W. Day, and W. R. Bauer. 
Portions of this work were performed 
under Air Force sponsorship at the 
Radio Corporation of America. 


Arc Suppression With 
Semiconductor Devices 


Continued from page Pal) 


cell blocking voltage, it is necessary 
to use a total of three cells, two to 


block the 24 


is closed, and one to suppress the are 


volts while the switch 


after the switch ts opened, 
L. From curve A‘, Fig. 4, at 3.78 
resistance Rg is 


amp, the approxi 


mately 26 ohms. The calculated value 


of generated voltage will be 


(eda 2) 


9. To 


drop-out time, refer to equation (3) 


determine the maximum 


and calculate: 


from Fig. 4, drop-out time ¢ & mil- 
lisec. 

Values of 122 volts peak and 8 
millisee drop-out time should be ac- 
ceptable for most applications. How- 
ever, if a shorter drop-out time is 
required, Ry can be increased. Con- 
versely, if a lower peak voltage is 
mandatory, Rg can be decreased. 
However, it is not possible to decrease 
both peak voltage and drop-out time 
simultaneously. 

Curves sketched oscillo- 
scope test are shown in Fig. 8 With 
24 volts d-c applied to the contactor 


from an 


coil, the generated voltage without a 
is about 300 volts peak 
addition of the 


suppressor designed above limits this 


Suppressor 
However. selenium 
voltage to about 90 volts and with neg 
ligible change in drop-out time. It is 
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AN OPEN LE Tran xo 


MANUFACTURERS OF 


HEATING EQUIPMENT 


— 


This new cata 

logue gives com 

plete data and 

Specifications on This FASCO 6R Motor is an internally This FASCO 50755 Blower is one of 
FASCO FHP fan cooled motor for power loads and seven models available with CFM 
Motors and Blow 1s available in Fractional H.P. ratings output ratings from 1/15 to 1/225 
ers. A copy is from 1/225 to 1/50—with—or without Available with multi-speed operation if 
yours for the resilient mounting. Multi-speed opera desired. Model 50755 has air output of 
asking tion optional 141 C.F.M 


ARDS, PRECEDING 
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NEW... 


Multiple Reprint on 


PRINTED CIRCUITS 


R ECENT and continuing developments in printed circuitry have 
been the subject of a series of highly informative original articles 
published in ELecrnicaL MANUFACTURING. 

Eleven of the most factual and timely articles are now pre- 
sented in bound booklet form in the latest edition of the multiple 
reprint, “Printed Circuits.” Each article is presented in its en 
tirety with all the original illustrations, schematics and diagrams. 
Contents include 


Mass Production of Electronic Subassemblies, October 1954, 4pp. A 
completely automatic system for coordinate placement of standard 
discrete components on printed circuit wafers. Punch tape signals 
ind ervomechanism ire used for program control 


Automatic Production for Electronics, July 1954, 9pp. Fabrication 


technique used in automatic production in the electronics field 
Also some discussion of basic design factor 


Principles of Electronic Circuit Packaging, August 1955, 9 pp. A basic 
tem ipplic ible to automat component assembly Four basic 
pack ie ure ce cribed General principle s of printed wiring 


construction, thermal adequacy, and physical requirements for 
ruggedne 


Printed Circuits Have Versatility Plus, June 1955, Spp. Unique quali 
ties of printed circuits which make them highly adaptable for a 
\A icle variety of ipplic ition outside the electronics fic Id Con 
tact decks in compact switches, resistance strain gages, power 
transformers, airplane deicers and wiring harnesses are new ap 
plications discussed 


Simplifying Fabrication of Printed Circuits, February 1954, 4pp. An 
improved stencil-etch process utilizing nitric acid which cuts 


printed circuit produc tion time drastically Detailed discussion 
of fabrication tec hnique 


Etched Wiring Simplifies Magnetic Amplifier Design, January 1955, 2pp 
The combination of etched and wire harness connective element 
decrease production time and reduces size to fit restricted space: 


New Molding Process for Printed Resistors and Capacitors, January 
1955, Spp. Formulation of resistor inks printing and wiring pro 
cedure thre eflect of formulation and ope rational variable 


on 
resistor characteristics. I quipment u ed is described 


A New Compression-Molding Process for Printed Capacitors, Februar 
1955, Spp. Direct printing of film « ipacitors on ceramic bases 
within close tolerance limit Equipment and processes are de 

ribed, Characteristic under various formulating and operational 
conditions are analyzed 


New Developments in Automatic Production for Electronics, April 1955 
Opp 4 report on se veral phase of the overall automatic produ 
tion program: a mae hine for inserting 24 different components into 
i printed circuit board, an automatically programmed punching 
nachine, an adaptation of the Tinker-Toy technique, and 
ponents manufacturer view on special packaging 


i com 


Quality-Type Components for Printed Wiring, October 1955, 6pp. The 
avoidance of transmi ion of mechanic il stress in components de 
igned for easy insertion into printed circuit board Although 
primarily intended for military equipment, new component design 
ure idaptabl to home and commercial products 


Artwork Procedures in Printed Wiring, January 1956, 6pp. Artwork 
procedures in making up masters for printed wiring boards. Basic 
problems are related to procedure lolerance costs ind other 

{ ws are stressed in a “how-to-do-it” approach 


‘ 
tele 


e ( pies of “Printed Circuits” are ay iil ible it $2.50 each on orde rs 
accompanied by remittance, including 3 percent sales tax for New 
York City deliveries. Please addre Reader Service Dept The 


Cave Publishing Company 1250 Sixth Avenue New York 20 
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also evident that when the type 53C 
germanium suppressor is used, the 
peak voltage is reduced to about 40 
volts peak, but the drop-out time is 
greatly increased (to an estimated 
200 millisee from oscilloscope obser- 
vation). 

In conclusion, it may be stated that 
with the proper design of a semicon- 
ductor suppressor for a specific in- 
ductive load, the following advantages 
may be realized over and above those 
obtained by other types of suppres- 
sors. 

1. Reduced erosion and pitting of 
contacts, and hence longer contact 
life. 

2. Reduced power consumed by the 
suppressor. 

3. Lower generated peak voltage, 
and hence less chance of insulation 
damage. 

4. Faster drop-out time for a given 
peak voltage, or 

5. Longer time delay (when de- 
sired) consistent with adequate con- 
tact protection and low suppressor 
power drain. 

6. Decreased number of circuit 
failures due to high contact resistance 
(or eroded contacts) or “sticking” 
contacts. 

The wide variety of cell sizes and 
ratings makes it possible to design 
suppressors for almost any combina- 
tion of coil voltage, current, and in- 


ductance values. 
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WHEN THERMOSTAT 
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WHEN THERMOSTAT 
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Compactness ... dependability 


NEW EA THERMOSTATS fill the need for low cost 


precision controls requiring rapid response to extrem !y 
close temperature differentials. 


at 


The same power element is incorporated which is used 
in heavy-duty Robertshaw controls, It can be supplied 
for application in liquid or air. The EA controls are 
of snap-action, single-line, double-break design. Silver 
contacts, stainless steel diaphragm are designed for 


sustained accuracy in service 


Robertshaw is the largest manufacturer of thermostats 
for commercial and industrial applications, For a full 
discussion of your specific needs, write today: 


Robertshaw-Fulton Controls Company 
Youngwood, Pennsylvania 


Please send more information on your EA [ ] 


. a ' Also send information on a control for following 
eee mee, a 


Mr. Controls COMPANY 
Robertshaw Thermostat Division, Youngwood, Pa. ADDRESS 
Robertshaw-Fulton Controls (Canada) Lid., Toronto city 

(LARGEST MANUFACTURER OF THERMOSTATS BY 
FOR COMMERCIAL AND INDUSTRIAL APPLICATIONS.) 
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FOR IMMEDIATE SHIPMENT 
agit ALLOY AND STAINLESS STEELS 
bars«+structurals+plates+ sheets & strip 


catches « reinforcing, etc., « also machinery & tools 


11 New York + Boston + Wallingford, Conn. + Philadelphia + Charlotte 


Mw C + Cincinnats Cleveland + Detroit + Pittsburgh + Buffalo + Chicago «+ 


Milwoukee + St Louis + Los Ar ,eles + San Francise Spokane + Seofttle 


SPECIAL 


AT LOW TOOL COST! 


Save money with Rogan’'s 
stock molds modified to 
meet your specifications. 


Fol a? 
Rogan's stock molds greatly reduce 
your knob costs. Markings can be 
branded to fit your requirements 
Special shaft holes of nominal 
charge. Send for details on how 


to cut knob costs 


ROGAN BROTHERS 


8027 N. Monticello - Skokie, Ill 


COMPRESSION MOLDERS AND BRANDERS OF PLASTICS 


Metal Statistics 


Copper has weakened and consumers 
are paying Se a Ib less on premium- 
priced metal although producers are 
still charging 46c. Lead and zine show 
little 


continues to support the price. Outlook 


change and government buying 


for aluminum use in electrical manu- 
facturing field seems excellent. Silver 


price up slightly. 


COPPER msumers have been asking for months now when 
the price of copper would come down. They had their 
inswer in April and early May. The custom 
plunged from 5le to 45¢ in mid-May! 


This sharp 6c-per-lb drop brought the price to le below 


smelter price 


the producer price of 46c¢ a lb and endangered that quota 
tion, although, as this report is being written, the major 


producers were showing no intention of lowering their price 
All in all, however, the market reverse foreshadowed a weak 
ening of the whole comple x structure in copper alter almost 
two years ot 


The large 


for June 


supply tightness and high price peaks 
domesti« produc ers oft copper are taking order 
satistactory, 


delivery with buying said to be fairly 


even though copper is available from custom smelters at le 


under their price of 46c. However, producer sales are 


hooked it prices prevailing on date ol 


hipment and the 
consumer would get the benefit from any cut in the quota 
on the other hand, is a firm 


tion. The custom smelter price 


contract price for the specified delivery date 

One effect of the weakening copper market was that 
Anaconda and Kennecott who had been selling ( hilean 
copper in the U.S. at a complex formula involving the 
London Metal Exchange price, announced that hereafter 
they would sell this copper at the LME level or the domes 
higher. The 
currently higher the two firms have been selling their 
opper at the 46c level 


lie price whichever is domesth price being 


Another immediate effect was that brass mills, which had 
priced their products on a 47'oe basis, cut their levels to 
the de basi Wire mills had already gone to the 46c level 

It i enerally 


copper int 


conceded that demand and = supply in 
coming into relative 
tightnes that ha 


balance and that perhaps 


the era of characterized copper activity 


ent months may be over. Opening of the Chibuluma 
in’ Northern Rhodesia, with an estimated output of 
16.000 lor tons of copper will aid the supply situation 
wo factors, however playing an important part in 
copper outlook and 0 are causing consumers some 
Kiely | Labor negotiations that involve nearly all the 
copper mining companies are now petting underwa 
tract due to ¢ \ pure lune 4) \ strike now would reverse 
vhole trend in the copper market. (2) The government 


isked) deliver on 40.000 tons of copper previously 


red and this, of course, will also take metal that might 
been available to indu out of the market. Shipments 


vernment are to gin in mid-1956 (about 18.000 
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CASE HISTORIES FROM 
MT. VERNON FILES 


No power plane before this Porta-Plane has ever 
used such a high speed motor. And when any manu- 
facturer is out to break all precedents, and still sell 
his product at a low price, he needs every bit of de- 
signing and production skill he can find—anywhere. 


This manufacturer found these in generous abun- 
dance at Mt. Vernon. The 8 principal parts of the 
frame of the Porta-Plane were designed to obtain the 
special advantages of die casting: thin wall sections 
of great strength and rigidity, negligible machining, 
smooth finish, high speed production, low cost. 


This important advantage—low cost—stems directly 
from the way we are organized here at Mt. Vernon. 
From die cast to finished casting, Mt. Vernon has both 
the complete die casting service and the facilities it 
takes to produce parts like these at minimum cost in 
any quantity. We have 162,000 square feet of the 
most modern equipment for making dies and for die 
casting aluminum and zinc. Mt. Vernon service com- 


prises completely coordinated designing, die-making, 


casting, and machining, all under one roof. 


It will pay you to bring your production specifica 
tions to us. We may show you, as we did Porter-Cable, 
the way to important cost reductions and improved 


products. 


re Ae 8 


DIE CASTING CORP. 


STAMFORD, 


CONNECTICUT 





yas Has the Answer 


to YOUR Wire Stripping Problems 
\ 


There’s an IDEAL STRIPPER 
for Every Type of Wire 


No matter what your production requirements may be, the 
wire you use can be stripped more efficiently and economically 
with an Ideal Wire Stripper. A size and style for every need— 
for quick, clean stripping of single or parallel conductors ... 
rectangular, round or flat... solid or stranded wires. 


Sold Through America’s Leading Distributors 


in Canada: Irving Smith, Ltd., Montreal 
TWO MOTOR 
BRUSH TYPE STRIPPER 


Strips and cleans enamel, cotton, 
silk, string asbestos and similar 
types of light insulation from 
round, flat, or rectangular wires— 
solid or stranded. Removes coating 
from ‘‘Formex'’ or ‘Formvar’’ wire 
—cleans fibre glass insulation—re 
moves gummy insulation embedded 
in stranded wires 


ELECTRIC 
“HOT BLADE" 
WIRE STRIPPER 


BURNS OFF INSULATION, in 
cluding morker thread no cul 
strands. Strips cotton, silk, syn- 
thetic (plastic) insulation or rub 
ber coverings from fine stranded 
or solid conductors 


BENCH TYPE WIRE STRIPPER 


Strips solid or strandad wire up to 5/16” 
dia. For single conductor plastic, cotton or 
rubber covered wire where quantities ore 
limited 


LEVER TYPE CABLE AND WIRE STRIPPER 


Strips «i binds of single and 
parallel conductors and cable 
vp to %&" dia. Recommended 
for type 5S, SJ and Power 
Cables. A production stripper, 


ELECTRIC ROTARY TYPE 
WIRE STRIPPER 


For production stripping of single conductors, 


olid or stranded wire up to Yq" outside dia 
Especially recommended for Type R, RF, CF, AF. 
radio hook-up, lead-in wire, ete 


MAIL FOR RECOMMENDATION 


c------ 


IDEAL INDUSTRIES, Inc. 
1008 Park Avenue 
Sycamore, Illinois 


—— ee my 
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-_ 


SUBMIT 
SAMPLES 


From the most 


Please recommend the proper strioper for these 


| 
1 
complete line of | 
ttrippers IDEAL | 
engineers will be ' 
| 

' 

' 


wires fenclose samples) 
for intermittent stripping 


pleased to recom er ee Seay eee 
mend the type 
thot best meets 
your needs. 
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tons this year) with the balance to be shipped in 1957 


Despite these conjectural factors, there seems to be no 
doubt that the copper market is headed downward at the 
present time and while no one is looking for any further 
very sharp declines, it would not be surprising if the price 
lid off in May and June. It’s a safe bet that manufacturing 
consumers will be able to purchase copper products at 
several cents a 


Mare h and April 


World production of copper is gradually catching up with 


pound under the price that prevailed in 


situation may be 
April statistical 
figures showed world crude production at 248.098 tons and 


Stocks in hands 


consumption and unless strikes occur, the 


a brighter one for consumers of the metal 


-hipments to consumers at 242,244 tons 
of producers were up 9006 tons in April. 
U.S. primary April was 95,400 
tons from March. Shipments totaled 
139,927 tons, down 1663 tons from March 


litthe higher, at 54.887 tons. 


production of copper in 
tons, a drop of 428 


Stocks were a 


« 


ALUMINUM 
manufacturing field has been predicted by top aluminum 
officials. One such official recently indicated that by 1960, 
the use of aluminum in this field would be up by a stagger- 


ot 
ee 


Heavier use of aluminum in the electrical 


ing 59 per cent. He pointed out that the total supply ot 
aluminum has increased 87 per cent in the past 5 years. 
In 1955, the 1,556,000 tons of aluminum produced exceeded 
copper output and was, pricewise, a much better bet for 
the consumer 

The aluminum industry is taking steps to increase its 


Alcoa has 


revealed plans for a new 150,000 ton smelter at Evansville. 


production so that it can meet industry needs. 
Production is expected to start in the Fall of 1957 and the 
Aleoa’s installed 


(existing and planned ) to 942,500 tons 


smelter will increase primary capacity 
At the end of 1955, 
the company was producing at the rate of around 700,000 
ton 
Meanwhile 
and Defense Administration announced that 
000,000 Ib of aluminum will be set aside 
supply 


Atomic 


The Business 
142.- 
from the total 
available for the 3rd quarter to fill defense and 


the government is helping out 


Services 


Energy orders. This is a cut of 8 million Ib from 
the 2nd quarter set-aside and means that industry will be 
able to avail itself of the additional aluminum 

Pricewise, there was no change, with 30-lb. ingot 99 per 
cent plus quoted at 25.90e a lb. But secondary aluminum 
ingot prices weakened considerably and smelters continued 
to cut prices of their alloys in order to attract additional 
business. Prices of scrap were also lower. The aluminum 
scrap export quota for the second quarter was cut to 4,000 
tons. But smelters still were not satisfied and urged that 


quotas be sliced even further 


# # 


LEAD-ZINC—A quieter tone dominates both markets. There 
seems to be no doubt that government stockpile buying is 
market. When the General Services Admin 


istration came into the market in April, it got more lead 


propping the 


than it has been able to get in any month earlier 


Actually 
stockpile voals 


Consume! have 


and zine 
this year the government is fast approaching its 
been buying lead sparingly because of 
the easier trend in prices on the London Metal Exchange 
The price is unchanged at l6c a lb. New York. Zine buying 
is also light, mostly for immediate needs, on the basis of 
IS'oe a lb fob East St. Louis. The auto 
ourput has had a noticeable effect on the zinc market. 


slackening in 


SILVER 


or ! \¢ 


Silver was quoted at 90%4c¢ per oz on May 11, 
April 9. With only one price 


noted during the past monthly 


under the price on 
change period, silver has 
steadied from its fluctuating levels earlier this year. 


1s production of refined silver totaled 22.396.000 oz over 





4 Waldes Truarc Rings Cut Costs Drastically, 
Increase Versatility of Precision Automatic Drill 


Dumore’s New Automatic Drill 


Dumore Precision Tools, Racine, 
Wisconsin, uses 4 Waldes Truarc 
Retaining Rings in their versatile new 


Drive Spindle Assembly 


automatic drill unit. Machining 
operations have been eliminated, 
assembly simplified 

Great labor savings have 
resulted from use of 

Truarc rings 


held in position by two Waldes Truarc Rings — 

d (Series 5000) and Bowed (Series 5001). Two 

sves are turned and housing rough bored in one oper- 

ion. Alternate method would require at least two addi- 

tional machining operations. Bowed Truarc ring takes up 
accumulated tolerances resiliently. 


A Single Waldes Truarc External Retaining Ring (Series 
5100) acts as shoulder, holds the lever in position. Labor 
savings are tremendous—a simple groove cutting operation 
replaces turning a shoulder, grinding and polishing. 


Easy assembly is assured by use of one Waldes Truarc 
Bowed Ring (Series 5001) to lock the bearing to the piston 
assembly. When unit is to be used in tapping applications, 
entire spindle assembly can be removed without disassembly. 


different sizes within o type...5 metal specifications 
and 1 4different finishes. Truarc rings are available from 


Whatever you make, there’s a Waldes Truarc Retain- 
ing Ring designed to improve your product...to save 


you material, machining and labor costs. Theyre quick 
and easy to assemble and disassemble, and they do a 
better job of holding parts together. Truarc rings are 


90 stocking points throughout the U.S.A. and Canada. 


More than 30 engineering-minded factory represent- 
atives and 700 field men are available to you on call. 


precision engineered and precision made, quality con- 
trolled from raw material to finished ring. 


Send us your blueprints today...let our Truarc engi- 
neers help you solve design, assembly and production 
problems... without obligation. 


36 functionally different types...as many as 97 


For precision internal grooving and undercutting .. .Waides Truarc Grooving Toci! 


Waldes Kohinoor, inc., 47-16 Austel Place, 1. 1. ¢.1, 4. ¥, 

Please send the new supplement No. 1 which 

brings Truarc Catalog RR 9-52 up to date. 
(Please print) 


Send for new catalog supplement 


WALDES 


~ TRUARC 


— RETAINING RINGS 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,807; 2,487,803; 2,491,306; 2,491,310; 2,509.08); 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries 
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123 South Earl Avenue . 


for BUS BAR 
INSULATORS 


(Saba photograph above shows some of the 
Cl 


istom molded ROSITE insulators being 
produced tor leading electrical bus duct manu 
stone-lke ROSITE inorganic and 


organic compounds have become preferred ma 


facture) 


terials for these insulators because of increased 
shock strength provided as compared with older 
types of fireproof, noncarbonizing moldings 
Other advantages include dimensional accuracy 
and ease of molding in complex shapes. Low per 
pound material cost combined with our auto 
matic molding techniques make for economy. 


WRITE TODAY! 


Inquiries are invited 


PRODUCED EXCLUSIVELY BY 


UR)OSTONE 
— CORPORATION 


< 


engines rns and Custom s Volders 


Lafayette, Indiana 


} months of 1956, an increase of 3.911.000 oz over 
Refined silver output came to 


7.648.000 oz in Keb 


imilar period in 1955 

340.000 oz in March, compared with 

ind 6.340.000 oz in March of 1955 

mine output of recoverable gained 6 per 

The average daily production wa ip 
,OQ%UR OCO tine 


February output wa 


MACNESIUM Magne sium ingot 


quarter set a peacetime re ord of 18.593 tons, topping the 


production in the first 


26.6 per cent Magnesium products 


2.351.000 Ib, or 24 per cent 


first quarter of L955 by 
net shipments in March were 
ihove that of February. Pricewise, there was no change 
with ingot priced at 34.50c a Ib and pig at 33.75¢ a Ib 
NICKEL. More metal should be available for industry in 
1956 and even more in 1957, a top industry official predicted 
this month. He pointed out that free world nickel output 
for 1956 was estimated at 445,000,000 Ib, a gain of 15 
000.000 Ib over 1955 

To ease the tight situation, ODM diverted 40,000,000 Ib 
of nickel from government to private industry for the se 
ond half of the year. Of this, 20 million Ib are for the 
jrd querter and 20 million Ib for the 4th quarter. Present 
available supply of nickel, ODM indicated, is about 300 
000,000 Ib and an expansion in industry may up this figure 
considerably 

Pricewise, there was no change in the official quotation 
of 645 a Ib but there were indications that outside prices 


had been cut during the past month 


PLATINUM —The refinery price was increased $6 an oz on 
May 14 by Baker & Co., a leading refiner. Baker's new 
price is $103 in wholesale quantities and $105 in retail lots. 
Dealers 


had been affected at $108. The current refinery price is now 


had been asking $110 an oz, although sales recently 


more in line with platinum quotations in London, which are 


equivalent to around $107 an oz 


TIN Tin prices have eased. On May 14, the spot price was 
97! ye, as against 9914¢ on April 17. Lower LME prices were 


; 


a factor in the decline here 


STEEL Steel is the big question mark at this time. The 
question whether there will be a steel strike is one that 
strikes at the very heart of the industrial community and 
while most sources believe that a settlement will be made 
without a walkout, no one is ready to bet on it. Contracts 
come up on June 30 and as the date draws nearer, there 
is more intense speculation 

Meanwhile, steel continues to hit all kinds of records 
In April 
at 10,547,000 tons. Total for the first four months of the 
12.419.014 tons. The April figure, while slightly 
lower than Mareh, is still higher than April a year ago 


a new production peak was reached with output 
Veal i 


Demand for certain types of steel remain very sharp 
This is particularly true of structural steel and plates. Other 
4eel grades, however, have softened a bit and reports indi 
cate that some mills have inventories on hand which can 
be made available to those customers who need. Some of 
the mills aren't parting with such inventories because of the 
fear of a strike. But it is believed they are there 

One +f the results of the negotiations with the union will 

rise in the price of steel. No one knows exactly how 
but industry officials have been talking of a $12 to 
ton rise. So that, whatever the outcome, customers will 
to pay more for steel 

Scrap prices have been on the downgrade during the past 
month. Slim buying by domestic mills and lower export move 


ment have helped push the levels $3 te $4 lower 
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FOR TRAILERS THAT DO NOT WEAR 
OUT. This Fr -ehauf trailer has sides 


made from thin sheets of Stainless 
Steel, corrugated into walls that are 
only one inch thick. That's why it can 
carry more cargo than trailers of 
other, heavier types of construction 
Most joints are welded, an easy job 
with Stainless. There is nothing to 
corrode or loosen; in fact, no Stainless 


trailer has ever worn out! 


FOR ARCHITECTURAL USE. ‘This Dawson F loating Sill is made from 
type 302 Stainless Steel. It combines fine appearance with the en 


during properties of Stainle Steel. The finished job is neat and 


trim, and it will last as long as the building 


FOR HEAT RESISTANCE. ‘This is a Lennox Crop Dryer US a, STAIN] I S STE] 
It burns 12 gallons of fuel oil ee eae ee of ) b S S - A d eh h ‘ \ d 


2.000,000 BTU. Wherever the heat is most intense, type 


430 Stainless Steel is used. It is es pec ialls important for SHEETS - STRIP * PLATES « BARS - BILLETS 


the combustion chamber and emitting tubes PIPE - TUBES - WIRE - SPECIAL SECTIONS 


UNITED STATES STEEL 





| Coordinator 


\ 


Tis new tool for purchasing agents and design 
ers permits actual visual fabrication of hundreds 
of cord sets and power! supply cords... at your 


desk in a few short moments 


Simplified charts give quick selection of ap 
proved wire for your specific product and all 
Cords, Ltd. types of standard plugs and connec 
tors that are best adapted to it. The dial side of 
the Cordinator then permits visual construction 


of the Cord Set you have selected 


All wire, plugs and connectors are standard 
approved components which minimize costs 


“ussure you me heduled delivery ! 


For your Cordinator... 
osk your Purchasing Department to send 


for this cost-reduction tool. 


CORDS LIMITED 


DIVISION ESSEX WIRE CORPORATION 
121 DODGE STREET, DEKALB, ILLINOIS 


Zirconium-Copper Raises 
Commutator Performance Levels 


(Continued trom page 97) 


Machinability of the N-4 alloy appears to be equal to 
that of silver-bearing copper. lool life on both of these 
alloys is better than on chromium-copper. (The hard 
particles of undissolved chromium present in commercial 


chromium-copper tend to cause tool chatter and « hipping 


of tool cutting edges } 
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ASA Revises Standard 
for Electrical Machines 


( tinued from page lol 


ator set components, synchronous and = induction 
motors and d-c generators, are found by reference 


to the first three sections of the Standard. 


Dimensions of Motors and Generators 
(C50.8-1955) 

In addition to illustrating standard lettering of dimen 
sion sheets, this section now includes standard mount 
ing dimensions for the 42 through 505 frames for stand 
ard foot-mounted motors, face-mounted motors, flange 
mounted motors, and vertical hollow-shaft motors. as 
the appear in the NEMA Motor and Generator Stand 
ards. Not included in this section are the dimensions 


for the 182 to 445 U rerated frames, that appear in the 
NEMA Motor and Generator Standards 


Standards for Future Design 


as Suggested 


Test Code for Polyphase Induction 
Motors and Generators (C50.20-1954) 

lhis section of the Standard was published about a 
vear ago, in advance of the 1955 edition The inclusior 
of this first test code in the American Standard is an 
innovation: other test codes unde development by AIEE 
will be added from time to time. Directions for testing 
contained in the previous Standard edition have been 
largely eliminated from the other sections. In the future, 


the Standard will refer to test codes for such information 





R with Less Amps! 


P orformance-K ated 


FAN MOTORS 


HELP SOLVE YOUR LOAD AND 
POWER FACTOR PROBLEMS 


In air conditioning or ventilating equipment, you can 
reduce starting current, reduce running current and in- 
crease power factor with these new Century Fan Motors. 
They are Performance-Rated for air conditioning manufac 
turers who are faced with new load and power factor prob 
lems. Fan manufacturers find advantages in their short 


length, light weight, multi-speeds and easy reversibility. 


In your product and in your plant, Century Motors are 
Performance-iated to fit your needs. For information, call 
your nearby Century Sales Office, or write us direct. 


© 
Performance-Rated 


1/8 to 400 H. P. 


pe wove 


“Ms 


ne St., St. Lovis 3, Mo. © Offices and Stock Points in Principal Cities 





NEMCOITE—MICA 


BUILT-UP MICA INSULATION 
Of All Types, Forms & Classes 


COIL WRAPPERS AND SLOT LINERS FOR 
CLASS B AND CLASS H INSULATION 

FLEXIBLE MICA PLATE 

MICA AND PAPER INSULATION— 


COMBINATIONS OF MICA WITH MYLAR, FISHPAPER OR 
OTHER INSULATING PAPER BACKINGS 


MICA AND GLASS CLOTH INSULATION— 


COMBINATIONS OF MICA WITH PLAIN, VARNISHED OR 
SILICONE-TREATED FIBERGLAS 


* SLOT CELL AND FIELD COIL INSULATORS— 
FORMED TO SPECIFIED DIMENSIONS 


Write for Catalog or Consult Yellow Pages for Local Representative 


NEW ENGLAND MICA COMPANY, INC. 


66 WOERD AVENUE, WALTHAM 54, MASSACHUSETTS 


EXPAND YOUR FACILITIES FREED 


OFFERS FOR DEL 
with STANDARD TOOL “Know-how” bee elo 


MAGNETIC AMPLIFIERS 


FAST RESPONSE MAGNETIC AMPLIFIERS 


2’ response Phase reversible 


Today —— Wl le lee le| lee 


| Watts ; | Rin 10K | Rin 1K 
7 


— your need for special automatic 
production machinery can be met 


60 13 
ilities for | | ; 
Unparalled facili 


| 
i rk | + ie 
Contract Machine Wo | | | 


aoe 15 ae 
and Desig®, Fabrication or lal leat cal | 
Development of Special : MP 


Automatic Equipment at— | | |e | Ser | Se eee | feats. | 


1.0 | 
; 


Load 
Contr. wdg. | resis. 
Watts outp. MA-DC . ohms 


| 3.0 | 1.2 | 3800 

— eee fo 8 

for your MAGNETIC AMPLIFIERS 
copy Push-pull Phase reversible 


Php | Supply Power | Volt. | Sig. req'd | Total resis. 
today— | Bs 


ut. Out. for full | contr. wdg. 
CPs. | Watts Vv. AC outp. MA-DC | x 


. v ——, | so | ae 115 
without — so | _ | we 
. . eurany . | 60 | ; | 115 
obligation srampane root 4 mameractunine ¢ 15 
yumervon. mew veene? 115 


115 
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SVE TOOL 4 ee Ta Te kU s detailed ee aon ee 7 


and Laboratory Test Instruments send for Catalog 
, 238 LAUREL AVE. * ARLINGTON, NEW JERSEY FREED TRANSFORMER CoO., INC. 


1730 WEIRFIELD ST., BROOKLYN (RIDGEWOOD) 27 N. Y. 
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LARGE or SMALL 
Modern CONC pt in 


TESTING 
| THERMOMETERS 


WITH or WITHOUT PRONGS 


Many 
Stock 
Sizes 


Custom Engineered Rugg d...Accurate...Convenient 


BRUSH HOLDERS? for laboratory and equipment needs 


For laboratory needs, for { luction testing and inspection 
for equipment mountings wherever high sustained accu 
racy and quick response are essential WESTON all-metal 
thermometers have been widely adopted because they are 
more convenient to u and far more durable and econom 
ical. Cases and stems are of 18-& stainles tee] tandard 
stem length & »” to 24° length available on order dials 
1%” dia ranges from low a LOOF to high as SOO! 

NYLON or Phenolic Require only 2” immersion in solids or liquids. Accuracy 2 

of | of thermometer range. For the complete story, in 

NEED BRUSH CAPS? cluding data on all-metal u ermometers for industrial use, 
write now for bulletin T-13. Weston Electrical Instrument 


B Corporation, 614 Frelinghuysen Avenue, Newark 5, N. J 
with Inserts A subsidiary of Daystrom Incorporate { 


or Molded 
Threads 


: 7 p Precision General Purpose 
Write for Triple “mM” Catalog POCKET THERMOMETERS THERMOMETERS 


Send Blueprint for Quotation 


range 
Model 2282 — standard stem ler 


3 hub 


Model 2261 — stem lengths 2 4”.6 
R , 2 , 
e e GURNEE 9”-12"-18"-24" including threads 
‘este 96 


gth 


ILLINOIS 
AND MANUFACTURING COMPANY 


Chicago Phone: Dickens 2-O777 = 
er eon meen aa WESTON wr-iica 


PLASTICS THERMOMETERS 


* TOOLING + COMPRESSION - INJECTION 


VICE CARDS, PRECEDING BACK COVE! 





Tops in Service 
and Design 


Carol molded plugs 
and cord sets 


Carol molded plugs, made to conform to all Under- 
writers specifications and Carol cord sets are the ideal 
companions for modern appliances and power tools. 

They’re outstanding in service ...made under 
laboratory control, from the highest quality materials. 

They’re outstanding in appearance. . . designed 
to harmonize with today’s electrical products. Shown 
here are four standard plug models. Special designs 
can be produced economically to your specifications. 

All Carol wire and cable products... for elec- 
tronics, welding and electrical applications . . . are 
made in one completely integrated plant. All wire- 
making operations, from drawing of wire to com- 
pounding of insulation are subject to constant 
inspection. For data on the complete line, call Carol 
today or write Dept. EM. 


HANDY DISPENSER CARTON 


in which Carol cable is 
shipped facilitates identi- 
fication of cable .. . simpli- 


fies dispensing from stock. 


/ Penn-Texas 


CAROL CABLE COMPANY 


Division of the Crescent Company, inc., Pawtucket, Rhode Island 


Serving Industry for more than 30 years 
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FROM BRUNING - Your One Convenient 
Source for All Drafting Needs... 


That Will Save You Time, 
Work, and Money! 


Little things mean a lot in drafting! 
That’s why the five outstanding, low- 
cost drafting aids featured here are 
important to you. That’s why they and 
many products like them are important 
members of Bruning’s complete quality 
line. Try them; you'll be mighty 


Sl. BRUNING ELECTRIC ERASING MACHINE 
pleased at how fast the savings of time t: Save hours of finger-cramping man 


ual erasing. Do a neater, safer erasing 

' 5 job. The patented hollow shaft 

| ou ! : permits use of extra-long, seven-inch 

and la sor MO nt up eraser, prevents ‘‘fly-outs’’. These 
quiet, cool, vibration-free tools are 

permanently lubricated, require no 


| maintenance 


BRUNING VARSITY DRAFTER } WILD STAINLESS STEEL INSTRUMENTS 

Costs a few dollars more than conven ; Now, get the higher precision, lifetime 
tional T-Square, triangle, and protrac durability and beauty offered only by 
tor; lets you make neater, more the instruments made entirely of stain 
accurate drawings up to 25” lesa steel They will not oxidize, can 
faster. Full circle protractor and index not be damaged by perspiration 
ing clamp permit scales to be set Specially hardened, swivel-type pen 
quickly and precisely to any desired nibs are exceptionally durable, easy to 
angle. For drawings to 24”x30". Ideal clean. Swiss precision-made. Moder 
for shop drawings, home use, students ately priced. Handsome metal cases 


PHENOLIC BLADE T-SQUARE No. 697 CROSS SECTION PAD 
Get the lasting trueness, durability, and Thi 
beauty of modern plastics in this 
moderate-priced T-square. The warp 
proof, practically indestructible blade 
is made of laminated phenolic plastic 


s handy, time-saving cross section 
pad lets you draw to scale make sharp 
copies without cross section lines. Cross 
ection lines are printed in light blue 


will not reproduce. Pads are available 
with a life-like maple finish. Drawing with or without pre-printed heading con 


edges of crystal clear acrylic plastic are taining fill-in blanks for basic data 
relieved for easy, safe ruling with ink Cro ections come 4x4, 5x5, 8x 
will not discolor or become brittle 10x10 sjuares per inch 





Take a minute now to mail the coupon. Save yourself Charles Bruning Company, Inc., Dept. 64-L 
hours of time and work later on. 4700 Montrose Ave., Chicago 41, IMinois 


Please send me information on these Time-and-Work Savers 
(} Electric Erasing Machine [| Varsity Drafter [] Wild Instruments 
[_) Phenolic T-Squore [| Cress Section Pad 
Name Title 


America’s Leading Supplier of Engineering 
and Drajting Equipment. Compeony 


CHARLES BRUNING COMPANY, INC., 4700 MONTROSE AVE., CHICAGO 41, ILL. Address 


Jn Canada: Charles Bruning Company (Canada) Lid., 105 Church Street, 
Toronto 1, Ontario 


PRECED 
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METAL-GRAPHITE 


Graphite Metallizing Corp 059 
han Ave., Yonkers 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which cener Senge Sioa ON P 
Stackpole Carbon ( St. Marys « 
are used in the design, engineering and manufacture of electrically operated machines appliances United States Graphite Co, 1621 Holland 
and equipment—-a monthly service to readers and advertisers 


naw. M 
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BLOWERS. See Fans & Blowers 
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Conta rs, Packaging and Shipping 
Highway 14 
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WAGNER ELECTRIC MOTORS... 


THE CHOICE OF LEADERS IN INDUSTRY 


DESIGNER'S NOTE: 


All Wagner Motors are 


OVYMANMICALLY BALANCED 


for smooth performance 


Wagner tctally-enclosed fan-cooled motor. Motor balance is important to fine machine tool performance. A 


well 
1 through 30 hp, NEMA Frames 182-326U, 


balanced motor greatly reduces vibration-—allows your machine tools to 
turn out the accurate work for which they are designed. 


Every rotor, even in the smallest fractional hp rating, used in a Wagner 
Motor is dynamically balanced on balancing machines like that 


above. 


shown 


Your selection of Wagner Motors for your machine tool applications 


gives you other benefits, too. You can specify totally-enclosed 


that are fully protected against damage from filings, chips, dirt 


motors 


fumes, 
moisture; or open type drip-proof motors—in ratings through SOO hp 


You add an extra selling point Wagener Motors are known for depend 


able performance. You assure users freedom from costly motor mainte 


nance and even more costly down-time. And— you give 
Wagner open type drip-proof motor. motors that « 
1 through 30 hp, NEMA Frames 182-326U., 


your customers 
an get on-the-spot service when needed——anywhere in the 
United States. 


Wadner Electric @rporation 


6454 Piymouth Ave., %. Lovis 14, Mo., U.S.A. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


ELECTRIC MOTORS - TRANSFORMERS + INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS-AIR AND HYDRAULIC 





N. Main, Brock 


stew D Ca gD tewar er Cor; hattanooga 5. Ten 
r r ; W slle ) entr t i (riobe- | nior ime 
‘ ) Ca & " r tesistor b ectronics Div., Erie 


‘ 


CASTINGS, INVESTMENT 


America, Tube Div 
Milwaukee 


‘ I 07 Marshall, North 
y ke 


makes the hardware ie oe AT alee ine Miahex Park, 81. Poul aa 


CASTINGS, LEAD 


Camden Nv. J 


E., Minneape 


CLAMPS and CLIPS 
TEST 


GROUND and 


that makes the CATNOOE RAY TUBES. Sa . 


Norwalk 


nont Ave., Cin 
CEMENT INSULATING and SEALING i 
¢ Uni Carbide & eller Aect t Sow E. Bist 
on Cleve 


difference... 


in QUALITY 
in APPEARANCE MECUPAS Shinn" ange i a 


CLIPS, SNAP Mee Rings Retainer & 


in DEPENDABILITY — 


CLOTH INSULATING. See Fabrics. I 


in DOWN RIGHT VALUE et ouritems 


CLUTCHES 


of your product line mt mn, Wh, tye 


23605 Hoover 


International 


Magnetic 
Brake «& ‘ it 


Wis Magnetic 
Pleasingly styled to enhance the beauty of your 


COAXIAL CABLE See Wire & ( 


products skillfully engineered to assure \ . -_ : i 


quick, easy application quality made to provide COIL CORES and FORMS 
| | | : 


Mitem Wratuste ¢ ‘. Ma Brock 
many years of troublefree service ; 


Chattanooga 


National Lock decorative and functional hardware ’ mbridge her Corp. 458 Cor 
r ridge 38. Mass 


' to 6201 Barbertor 
will bring outstanding user appeal to your ovels oO 


Fibre Div of The 


“Budd Co., Inc. Newark 13, De 
line. You'll find Nattonal Lock offers the ae Saad , astics 


Co 3239 W. 14th, Cleve 


. : ; * Reproducer Corr 125 Beechwou 
most modern creations in both standard and ; ye 5 = \ve New Roehelle, N. ¥ 


= Div. of International Resistance 
y ette ) j Ave Syimar if Ca 
Our experienced stylists ) f tive Detrott ; ‘. * 


custom-built items 


i 
Cart r Natlor \ ' 1 Fit ( Vilmir 
will work independently or in cooperation with r | 41 Muirhead i. Five Co, Wilming 
Paramount Paper Tube Co 12 Lafay 
his servic des , o ; ette, Fort Wayne 2, Ind 
Thi rvice include pe ae Se oes ws 
Charleston, Chicago 47, Il 
Kad Cores. Ir 9540 Tulley Ave Oar 
Il 
Corr Div. of Precision Paper 
° 20358 W. Charleston, Chi 


your own cle sipne rs 


hardware int dic cast, Stam pings compression and 


HAMBERS 


injecuon molding. Write us for full information ' Re 


HARGERS 
' 


HARGERS 


BATTERY 
& M 


aK I 


nl 
Carbon Coe Bt Marys Pa 
pe. Molded Iren) 
Stevens Preducts Inc 86 Mair Fas! 
Orange, N. J 
8. Gasket Co.. Camden 1. N. J 


‘QUALITY HARDWARE...all from 1 source 


MAGNET. Sev tizers 
, *T* COILS and WINDINGS 


me Wire (e« Diswell Ave New 
Pr Conr 


« agnetizer 


HOPPERS, ELECTRONIC 


ronics & Transformer Corp 
Metallizing Cor 


Caledonia, N. ¥Y 


HANDLES + HINGES + CATCHES - PULLS ae Ave Cambridge 38, Maga. 0 om'er® 
DRAWER SLIDES - KNOBS - CASTERS onset ay gen hice 
STANDARD AND SPECIAL PURPOSE FASTENERS 


63 Pavilion Ave 


Pano Electric Co., 93 Main, Winsted Conr 
Deluxe Coils, Inc., 1300 First, Wabash 
Ir 
Telephone and Radio Co Div. of 
Rochester N. ¥ nte tlona Telephone and Telegrap! 
Apparatus Sales Div 1) Kingsland Rd., Clifton, N. J 


for RANGES - REFRIGERATORS - WASHERS com Electric Co, 99 Plum, ‘Tren "Com Oe ee 
ne ect pperatus Sales 
FREEZERS - DRYERS - HEATING AND a N. Kostner Ave Senenectady 8.°N. ¥ 


ries te er rT 125 Beechwoot 
on r 7 ‘ ’ Cor ev whelle N. Y 

AIR CONDITIONING EQUIPMENT Beetale & fen- Ave. New Reaete, Be, ins alte 

t s, Milwa ve Trenton 8, N. J 
America, Tube Div.. Har 
Gateway r ‘ 
Bide )1 Liberty Ave mite ‘ ‘rr Rte Vardville 
rgt ‘ 

& Machine Works. 11A ® 
Chicago 6. I 
M fa ‘ 


NATIONAL LOCK COMPANY 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Blectror Co., 3552 San Fernand ¢ e H 


. e % los Angeles ¢ Calif 
Rockford, Iilinois 
CIRCUITS, ETCHED, PRINTED. ETu 


Aer xs Cor New Hedford, Mass 


COIL WINDING MACHINES 
Boesch Manufacturing ¢ Ine 





OILTIGHT CONTROL 
ACCESSORIES Eight button 
control station 
built into 


Cleereman 
drill press 


s factory 
Cleereman 


| 7 equipped 

| drill press , with the 

? equipped ; special A-B 
with A-B oil ’ 


START \ tight buttons i a ' motor con 
BUTTON Allen-Bradley trol ponel 


also lists a 


uutomati« 


shown here, 


line of surface using strict 


SELECTOR mounted | ' ly standard 


SWITCH stations components 


WING 
LEVER 
SELECTOR 


7P 
em COIN SLOT 
X SELECTOR 


é PILOT LIGHT 


FOR DEPENDABLE AUTOMATION « « STANDARDIZE ON ALLEN-BRADLEY CONTROLS 


Control panels for an automation line of special All Allen-Bradley 
machinery must be ultradependable to make the 
installation a success. The failure of a single item 


control components, of which 
a few are shown below, have been time-tested 
in thousands of industrial applications. They 


in the control sequence may shut down the entire are QUALITY products designed for trouble free 


production line. That is why all electrical and 
magnetic components must be good for millions 
of trouble free operations 


service in the toughest automation layouts. Permit 
us to discuss your control requirements with you. 
Call on the nearest Allen-Bradley district office 


SOLENOID STARTERS 


With push buttons e with selector CONTACTORS 
The Form 2 construction is for From one to eight poles SOLENOID RELAYS REVERSING STARTERS 


remote control Ratings up to 1000 amps In @ wide variety of types Up to 600 hp, 440.550 v 


Pas id & 


Motor-driven « pneumatic DRUM CONTROLLERS OILTIGHT LIMIT SWITCHES 


TERMINAL BLOCKS 
Other types available Up to 500 hp, 440-550 v 


A complete line Interlocking to any length 


7 \ 
Allen-Bradley Co 


in Canada 
1309 S. First St { \ 


Allen-Bradley Canada Ltd, 
sc  ALLEN-BRADLEY “"== 


SOLENOVWD MOTOR CIONTROL 
> QuaALity 


READER INQUIRY SERVICE CARDS, PRECEDING BACK 





TT Ae LT LL 
assures Maximum Stability in 


AMPERITE 


RELAYS ond REGULATORS 


ee Te mem Tm etn Te) 


Thermostatic 


ELAY RELAYS 


Amperite Thermostatic Delay 
Relays are comper ted for 
ambient t ra ‘ inge 
tr ‘ 


PROBLEM? Send for 
Bulletin No. TR-B1 


Also — Amperite Differential Relays: Used for aut 
mati verload, under voltage or under-current protection 


BALLAST REGULATORS 


imperite Regulator ir@ designed to keep the current in a circuit 


avtomotically regulated at a definite value (for example, 0.5 amp 


For currents of 60 ma. to 5 amps. Operate on A D« Pul 


iting Current 
rid 


Hermetically sealed 


iffected by 


ambient 


| 
aAMmrenite) 


am AMPER! 
(SATE VEL 


Write for 4-page Bulletin No. AB-51 


AMPERITE CO., Inc. 
561 Broadway, New York 12, N.Y 
Telephone: CAnal 6-1446 


In Canada; Atlas Radio Corp., Ltd 
0 Wi ld t 


Avenue, | nto Ontario 


w « Equipment Co. 

. 2 
Hex Kheostat Co.. Baldwin, N.Y 
Universa Manufacturir { I 


H se 


roa) W « Oo, PU. Box 1605 
ence KI 


Oyeter Bay 


4ic 
‘4 


COLD HEADED PARTS. See Fasteners 


COMMUTATORS 


Klestro Tee Corp 4 Romaneili, South 
Hackensack, N. J 
Kirkwood Commutator (o., 4855 W. 180th 
Cc eland 1! Ohio 
I tr 1 Co 1759 W 


South Chestnut 


onenta Div Midwest 
Gurnee 96. Ill 
Corp., Gateway Cer 
. 401 LAberty Ave 
‘. 


OMMUTATOR SAWS and SLOTTERS 
445 Eim, Syca 


stries Ine 


Inc 1008 Park Ave 


COMPOUNDS, SEALING See Cement 


Insulating & Sealing; also Waxes and 
Compounds 


COMPOUNDS, VARNISH. See Varnishes 
Compounds and Hesins, Insulating 


COMPUTER COMPONENTS 


Doeicam, Div. of Minneapolis-Honeywel! 
Soldiers Field Rd., Boston 3 Mace 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp 00 Kingsland Rd., Clifton, N. J 
Giannini & Co., Inc., G. M., Pasadens 

Callf 
Guiton Mig Corp., Gulton Industries 
Ine., 212 Durham Ave., Metuchen, N. J 


CONDENSERS. Bee Capaciters 


CONDUIT FITTINGS 


Appleton Electric Co 1728 Wellington 
Ave., Chicago 18, Ill 
Buchanan Electrical Producta Corp 225 
Kite. 2 Hillside, N. J 
Crowse-Hinds Cc Syracuse 1. N. ¥ 
©o., 1888 N. Kostner Ave., 


CONNECTORS, PRINTED CIRCUIT 


H ’.0. Box 817, M 


01 Northern Bivd 

: N Y 
Com poner 454 KE 148th 
York 55, N. Y 


CONNECTORS, WIRE and CABLE 
A raft-Marine Produ Inc., 2100 Paz 
Harrisburg, Pa 
len Products Ce ] N. Main, Brock 
Ma 
an Brass Watert Conr 
ono Bilectronice Corp 54t 
Ave hicago 50. Il 
liz Aviation Corp., Scintilla Div Bid 
N. ¥ 
hanan Electrical Products Corp 225 
Rte. 22, Hillside, N. J 
ly Engineering Co Inc 
toon 
‘ m Electric Co Dept 500, 8200 
Humboldt los Angeles 81, Calif 
6-Hinds Co., Syracuse 1, N. Y 
r-Ameco Corp 45-01 Northern Bivd 
« Island City 1, N. ¥ 
ral Electric Co., Construction Mate 
Div Bridgeport 2 Conn 
Mig Corr Gulton Industries 
212 Purham Ave., Metuchen, N. J 
Industries, In 445 Fim, Syca 
Til 
I Harvey, Bridgeport. Cor 
fustries, Is 0O8 Park 
re, I 


5745 Ma 


Norwalk 


2610 W. 16th 


Bla 


ONTACTORS 


& Contactors 


MAGNETIC 


CONTACTS and CONTACT POINTS 


gtor Mi 


e 


46 Fores 

Electr c 
‘ Pa 
aphite Metallizing 
an Ave Yonkers 

y & ¢ I 

6, Ind 

Mandex Manufactur 

6th, Chicago 5 


Fim, Hartford 1 


St. Marys, Pa. 
t Io olla 
Ohio 


CONTACTS 
Gra © 


CARBON Bee Carbon & 


CONTACTS, HEATER PLUG and TAP 
He an Mfg. ( Kenilworth N, 2 


CONTAINERS, PACKAGING and SHIP 
PING. Bee a Koxes and Crates, Wire 


Gaylord Container Corp Div. o@& Crews 
Zellerbach Corp., Bt. Louls 2, Mo 

Rathborne Hair and Ridgway Bos Co 
440 W st Place, Chicage 8, Tl 


CONTRACT MANUFACTURING 

Aluminum (joods Manufacturing Ce. 
Manitowoc, Wis 

Chase Brass & Copper Co., Waterbury 26 


mal Watch Co., Ordnance Div 
n Manufacturing Co., 3122 
innatl 9, Ohio 

Tool & Mfg. Co 238 Laurel 

Arlingten, N. J 


CONTROLLERS, MOTOR 
Allen-Bradley Co 1316 8. 2nd, Milwau 
kee 4, Whe 
Allis-Chalmers, Milwaukee 1, Wha 
Arrow-Hart & Hegeman Electric Ca, 168 
Hawthorne, Hartford 6, Conn 
Bristol ¢ Waterbury 20. Conn 
Clark ¢ troller Coe., 1146 E 152nd 
1 10, Ohio 
Hinds Co., Syracuse 1, N. Y¥ 
ral Pacif Electric Oo SO Paris 


Newark 
1024 McKee, Batavia 


Apparatus Sales 
oe 
1 N. Carey, Baltt 


hards, Milwes 
hoe 
Wacline t 5 S Clair 
Ohio 
War leonard Electri 
Mount Vernon N Y 


Daytos 


600 Beuth 


CONTROLLERS, POTENTIOMETER 


Bristol Co Waterbury 20, Conn 

TAGliabue Instruments Div., Weston Fasc 
trica Instrument Corp #4 Freling 
huysen Ave Newark 5, N J 

Wheelco Instruments D Barber Colman 
Co 4 Rock, Rockford, I 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switche 


CONTROLS, PRESSURE and TEMPER- 
ATURE Bee also Relays Switches 
Thermostats 

Acro Manufacturing Co 
Onlo 

Allen-Bradley Co 6 8. 2nd 
kee 4. Whe 


Pre ts 1 


Columbus 16 
Milwau 


Assemt 
Ohle 
Barber Colman Co. D F, 1203 Rock 
Rockford, I 

Bourns Laboratories, 6135 
Riverside, Calif 
Bristol Cx Waterbury 20, Conn 

Edison, Inc., Thomas A., Instrument Dir 
Dept. 53, West Orange, N. J 

Fenwal I 14 Pleasant, Ashland, Mase 

G-V Controls, Inc & Hollywood Plase 
Kast Orange, N J 


Genera Controle Ce SO) 


Chesteriand 14 


Magnolia Ave 


Allen Ave 
Glendale 1, Call 
era Plectrite ( 
Div Rchenectady 
Thermostat Corp 0 Albany Ave 

* i 
Coro 4 Belmont Ave Chi 


Apparatus Sales 
N y 


at Div Robertshaw 
o., Youngwood, Ps 
er Thermost Iiv Metals & Con 
Cory rest, Attleboro, Mass 
Square D Co Richards, Milweu 
kee 12, Wis 
rAGliabue Instruments Div., Weston Elec 
trical Instrumer Corp 614 Freling- 
huyeen Ave., Newark 5, N. J 
o Electri Co ” Fifth, Saddle 
r wnahip Rechelle Park Pos 
J 
George, 418 Market. Newark 
str QD Barber -Colman 
Rock Rockford, Tl 
Kiwi 530 Thomas 
sburgh & Pa 


ONTROLS, REMOTE. See Push Buttan 


Rela and sf tactors 


Switche 


ONTROLS, RESISTANCE 


© HKheorta 


See Resistors 


ONTROLS 
ms 


SERVO Bee Servomechan 


ONVEYORS INDUSTRIAL 


ew London Engineering Co Deo. M 
New La Wis 


OPPER. See Brass, Bronze & Coppa 


OPPER 


Copper 


BERYLLIUM. See Beryllium 


rRICAL MANUFACTURING 





PHOPOHOO HIT HINE HOH HIIOHNIOIIND 


Research Establishes 


THE HOUSEWIFE WILL BUY THE RANGE THAT... 


wong 


w% Does Away with Un- 
sightly Vapor Stains; 


w% Keeps Her Kitchen 
Cooler; 


HdOAN 


iy 


% Reduces Surface Tem- % Eliminates Oven Door 


f 


peratures of Contact Noise and Banging; 


A ; ~ 
= % Gives Her Better Broil- 
% Retains Heat and ing, Roasting and 


Moisture In The Oven; 


HO00060 


Baking Results; 


0000000 


Also suitable 


for clothes dryers 


% 


and other appliances. 


WOOO 


VUYYVYYYYYII VN VQDI9009 09 NDDD0000R 


LOOdEdVOIEVOVLVOVVOdOUUOVER 


Dove 


ACADIA 


Silicone Oven-Door Seal 


Here, finally, is a compound having the properties 
essential for an effective oven-door seal. This 
material, known as COMPOUND 
85072BQ, has been laboratory tested and kitchen 
used to prevent vapor stains around oven and 
broiler doors and to reduce high surface tempera 

tures. 


silicone 


It is non-toxic, has good tear resistance, 
repels grease and fats, has low compression set 
and withstands up to 
600° F. It can be extruded in color. Yes, here is 


a big, selling for 


oven temperatures of 


“plus”’ Customers 
often, IT BE- 
FACTOR IN 


any range. 
quickly see its value 
COMES THE 
THEIR SELEC’ 


and, quite 
DECIDING 
PION. 


For Complete Engineering Information and Prices, Write 


ACADIA 


ees 


DIVISION OF WESTERN FELT WORKS 
4021-4139 West Ogden Avenue, Chicago 23, Illinois 
Branch Offices in Principal Cities 

MANUFACTURERS AND CUTTERS OF WOOL FELT 





CORD and TWINE ARMATURE and DIE-SETTING TOOLS 


/ jlation Manufacturers Corp., 565 W : ‘ete ’ 
Al ge ri} a ‘ ingto ti Chicago 6, Lil 
a ins Schenectady 1, N. ¥ 
Ja Home. N.Y PRECISION, LAMINATION. Ete 


G } 


| RT ae a SonD. smeuLATes 


| DPAAATATATR AEE | (O80. RESISTANCE LINE. Ser Rosier DUQOES 


CORD SETS DRAFTING EQUIPMENT and 


Tene itaen Poses sc ran MATERIALS 


aba 


ME VERSATILITY 


DRIVES 


with the AUTOMATIC FORT WAYNE 


CORES. POWDERED METAI e Cor 
: DUCTS, WIRING (Control Panel 


CORES REFRACTORY 


WINDING CORES, TRANSFORMER 
MACHINE ; g DUPLICATING MACHINES, DIELESS 


WINDS 
UP TO 150 
STATORS 
PER HOUR) 


CORK and CORK COMPOSITIONS 
ELECTRICAL SHEETS 


spe 


ELECTRONIC COMPONENTS. See 


ane Stemna. sats ELECTRONIC TUBE COMPONENTS 
Waterbury 20. Cor Bases, Caps, Lead-in Wires, Stamp 

rol Corp... 5225 W ings, Welds, Ete 

kee 4, Wis erles Lava ( hatlanooga 
Cort 202 201 1 


Newark 
hheard and Su 


cr ago % 1 


Co 76 E ENAMELING SHEETS 


a t x G 
“Chicago ¢ 

I Hartford nf ENAMELS 

I 
PATENTS COUPLINGS, CLUTCH. § 


EYELETS § GROMMETS 
PENDING dang edly 


COUPLINGS. FLEXIBLE 
Winds 2, 4. 6 and ! ‘ pi ’ ' Dynemat 


wound simultane ‘ 


Adaptable for i ’ Q series 1 stators or stators for 
split-phase and multiple notors thereby eliminating the CRYSTAL DIODES. See Rectifiers, Ser 
interpole connections r: Transistors & Crystal D 


c ‘ ‘ FABRICS, INSULATING. (Sheets, Tapes 
ntandard model winds 19-gauge to 36-gauge at speeds CRYSTALS, QUARTZ Yarns, Thread, Cord, Ete 


ranging from 300 to 600 rns per minute He avy duty model i Electro s Co, 3405 Perkins Ave 
‘ 4 or - 4 ‘ et a 

winds wire from 14 gauge >» 18-gauge at speeds ranging from » of America, Tube Div Har Tape ~ - hetle “ 

150 to 350 turns per minute J . Braided Fabri 


hed Cambr Cotto 


, r 25 Dixwe Ave New 
Automatic controls perm % selectior f any number of turns from ‘ Cor . 


1 to 2000. Cycle is automatically repetitive CYLINDERS. AIR ‘ 
i we OC Akr 
Takes stacking heights to 3° maximum; diameters to 6" o d 


Automatic lead cutoff serves as lead anchor in starting next DAMPING DEVICES Ferry 


stator. One operator can handle mn ultiple machines ‘ ‘ 5 | Newark 


A ; 1 Cottr ‘urchase, Fal 
Write for complete data or. if convenient arrange to call at our DECALCOMANIAS ‘ 
plant where a machine is always available for demonstration ; : 4 5 ‘ i ot Mi & 
i ts hiv. of Sur 
tley 10 N 4 
) Chemical Div 


"last / ittefield, } ‘ 
DELAY LINES ¢ ; : a ~~ — 


s 


DIAL LIGHT ASSEMBLIES. See Lights 


I & Indicator 


DIALS and PANELS 
Mica I stor Schenectady 1. N. Y¥ 


TAM aA Oa Ta ge O18 CASTINGS: See Cantons: Die popes, Waeeee a, We Seay 


1027 GOSHEN AVENUE, FORT WAYNE, INDIANA DIE ELECTRIC HEATING UNITS. § snot Piberninse Ghost Ce. 6615 Bencie 
Hig! requemy eating nite Ashtat 4 Onh!o 


FILECTRICAL MANUFACTURING 





Miniature screws aid standardization of small devices 


Tiny close-tolerance 
Unbrako screws available 
in standard sizes 


New economies in the design of space- 
Saving miniature equipment are pos- 
sible with these UNBRAKO miniature 
socket head cap screws. Manufactured 
to timepiece precision, available local- 
ly, they save the costly necessity of de- 
signing special screws to fasten tiny 
parts in compact units. They're ideal 
for use in typewriters, calculators and 
computers, servomechanisms, elec- 
tric and electronic equipment—and in 
countless other small, intricate devices 
where maximum reduction in bulk 
and weight is required with no sacrt- 
fice in strength of individual com 
ponents or assemblies. 

Fingers grip the knurled heads on 
these tiny screws positively for easy 
handling and fast assembly. Uniform 
hex sockets assure maximum wrench- 
ing torque. Controlled fillets under 
the heads prevent shearing of the 
heads. Threads are fully formed for 
maximum strength and exact fit. Ex- 


tremely accurate head diameters per- 
Standard UNsRAko miniature socket head cap screws are available in 


sizes # O, #1, # 2 and # 3, inheat treated alloy steel or stainless steel, at your 
authorized industrial distributor's. Standard lengths range from Ve to 2 in. 


mit their use in countersunk holes, 
saving weight by reducing the length 
of the screw required and making 
flush designs possible. 

These standard UNBRAKO miniature 
screws are available at your author- 


HEAT-TREATED A 7 aoe ized industrial distributor’s. See him 
ALLOY STEEL {C)} A D today. Or write us for Bulletin 2055 


and samples. Unbrako Socket Screw 
Class 3 Fit Standard Division, STANDARD PRESSED STEEL 


: Co., Jenkintown 9, Pa. 
Recommended Installation - ee we , 


Diameter Threads per Inch Torque in Inch-Pounds Weight per 1000 
NC NF Length NC NF in Pounds 
A .104 80 A 2.0 152 Standard Screws are threaded 
060 80 Ve 2.0 182 to the head. Special materials, 
060 80 Vo 2.0 210 lengths, and threaded lengths 
.050 80 3% 2.0 265 are available. One ‘'High-Titan”’ 


Unerako hex key is included with 


.118 72 ; ie each package of 100 screws. 
.073 Sa ‘ 32 


.073 72 3. wae 
.050 72 < 47 


. 140 . 42 
.086 ; 50 


.086 : .58 SOCKET SCREW DIVISION 
“Ye : 70 


161 , av 
099 ; 70 
099 ; 8) 

1.03 


STANDARD PRESSED STEEL CO. 


TOer; i TNOeTYl rTrO0FTy\SPIL Ne 


JENKINTOWN PEMMSYLVAWIA 


RADERK INOUTIKY & \i¢ Ki PRECEDING a 





If You (an Imag 


PHALO (an Mold It! 


We know there are molded shapes in plugs strain 


relief harne 


ind other molded insulations that 


we have not even dreamed of as yet but maybe 


ou have or will 


When you do come up with the first hape of its 


t you get in touch with 
and present performance 


your most direct answer when the question 


molded hape in insulation Phalo can 


ol America finest firms 
Phalo’ 


wh have proven pecialized 


' 
ervice can be 


{sk For The Compl le Phalo Catalog 


PHALO 


PLASTICS CORPORATION 


She Ces wm tOabde Mouse 
COMMERCIAL G FOSTER STREETS 
Ww ect Tee mas® 


taswleted Wires Cables Cord Set Assemblies 


atvar Corp., 207 Randolph Ave., Wood 
ridge. N. J 
New Jersey Wood Finishing Coe., Electrical 
Insulation Dept., Woodbridge, N. J 
Owens-Corning Fiberglas Corp., 508 Mad 
Ave., New York 22, N. Y 
stos-Manhattan, Inc Plastic Pro 
Div Manheim, Pa 
Manufacturing Co., Inc, Weod 
on, N 
yopeon Fiber Glass Co, H. L, 1783 
Cordova, Los Angeles 7, Calif 
Varfiex Corp., 309 N. Jay, Rome, N. Y 
Vestinghouse Electric Corp Ge 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pe 


FANS and BLOWERS 
Diet Manufacturing Co Electrical Div 
The Singer Manufacturing Co., Somer 
2 
Air Devices ne 323 Central 
. Dover an 
Ray Motor Co Ir 11747 Vose, N 
Hollywood, Ca 
orson Electr Bt. Louis 21 
Mo 
0 Augusta. Ro 
hester 
be I sstries, Inc Dayten 4, Ohio 
Electric Co., 685 Lawrence, Low- 
Mass 
s & Myers, Inc., 


neneld 99, Ohio 


Propeller Div 


FASTENERS (Bolte & Nuts; Lock & 
Snap Assemblies; Pins; Pre-assembled 
Washers 4& Screws Recessed Head 
Serows Rivets; Serews; Washers.) 


Bolts and Nuts 
Machine Bolts and Nuts (A 
Stove Bolts (B 
Melf I king Nuts ( 
eet Metal Lock 8 
D 


Thread Inserts 
Headed and it 
8 and &peci 


rew to ’ i 

old Header Screws 

sive Metal Products 
n-H p 


Lock & Snap Assemblies 
& M ” 


of | 
RK 


and Taper (G 
ta Co., 
Y F) 
Waterbury 2¢ 


America, Dept 


Pre-Assembled Washers and Serews 


American Screw Co., Willimantic, Conn 

Continental Screw Co., New Bedferd, Mass 

lamson & Sessions Os., 1971 W. 85th 
Cleveland 2, Ohie 

Nations! Lock Co., Rockford, Tl 

Russell, Burdsall & Ward Belt and Nut 
Co., Port Chester, N. Y 

Shakeproof Div. of Dlinots Teel Works 
St. Charles Rd, Bigin, Il 

3 Chester Corp., Southce Div., 3rd & 

Governor Printz Bivd., Lester, Pa 

Thompson-Bremer & Co., Sab. American 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill 
ted-Carr Fastener Corp., 


Cambridge 
42, Mase 


Recessed Head Serews 

Alden Products Ca, 117 N. Main, Brock 
on, Mass 

Allmetal Screw Products Co., Inc 82 
Stewart Ave., Garden City, N. Y¥ 
American Screw Oo., Willimantie, Oonr 
Atlantic Screw Works, Ine 85 Charter 
Oak Ave Hartford, Conn 

slake & Johnson, Waterville 14, Conn 

Bristol C Waterbury 260, Conan 

Central Screw Co., 3501 Shields Ave 
Chicago 9, Il 
ase Brase & Copper Co., Waterbury 
Conr 
nental Screw Co., New Bedford, Mass 
Lack Co., 26 8. Main, Terreyvilie 


0! & Screw Corp Heckford 
Lakes Screw Corp 13631-61 
( ago 27,1 
8204 Lamigh Are 


Shelter Rock Lane 
27 Church 

WwW. = shu 

ne Co Milford 


Rockferd, Ill 
& Manufacturing Ce., 244° 
sland 4, Ohie 
Div General Americar 
Corp Eatin R4., Clif 


( 5700 Roosevelt R4.. Chi 


Screw Products Co. Reckferd I) 
search Association, Uniew True 
Providence 8, R. I 

Mig. Co., Waterville 14, Oonn 

f Div. of Iilinote Teel Works 
harles Rd, Figin, Mi 

ton Hardware Mfg. Ce. Sout 
tonr 

Pressed Steel Co., Jenkintown 9% 


Co., 363 W. Brie, Chicag 


Rremer & Co Sub. Americar 
& Foundry Co, 520 N. Dear 
ago 10, MM 


h Corp., 2240 15th, Raeckfor 


of America Aloos 
» Pa 

etal Preducta Co 
H or N Y 
( per ( Waterbur 


& Ma e ( 9609 W 
Bellwood, I 
w »., New Bedford, Mass 
. I EB! 
neton 98 De 
Tool Works % 
nes, Ml 


Beech wor 





Remote or 
automatic 
switching 


AT HALF THE COST 


with Westinghouse motor- 
operated AB circuit breakers 


Now you can use a pushbutton or relay to electrically 
operate a Westinghouse AB circuit breaker. You can add 
load switching to your Circuit protection — from a con- 
venient point or under pre-determined conditions, And 
all without the need for a costly breaker-contactor com- 
bination or an expensive, large air circuit breaker. 

Cost of the motor operator is but a small fraction of 
that for a large contactor. In fact, the complete dual- 
purpose breaker (breaker and motor operator) cost less 
than a contactor alone. Don’t forget either the valuable 
space you save by eliminating contactors or by replacing 
larger breakers, 

With the Westinghouse motor-operated circuit breaker 
you get all the proved AB De-ion” protection features, 
In addition you have your choice of such internal aids as 
reverse-current trips, undervoltage trips, and auxiliary 
or alarm switches, The motor operator can be applied to 
breaker Types J, K, KL, L and M in ratings of 70 through 
800 amperes. 

If it’s remote or automatic breaker switching you need, 
consider the real savings possible with motor-operated 
AB circuit breakers. Your local Westinghouse sales office 
will be glad to help — or write direct to Westinghouse 


Electric Corporation, P. O. Box 868, Pittsburgh 30, Pa, 
J-30213 


WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING FOR You! 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVE! 





A Acme Electric Corp Cuba, N. Y 
‘a 


, » Sivd Aerovox Corp New Bedford, Mass 
J Arrow-Hart & Hegeman Electric Co., 108 
re nkinto Hawthorne, Hartford 6, Conn 
= Chicago Standard Transformer Corp., Ad 
erling Bb 63 W ori hi ‘ jison & Elston Ave., Chicago 13, Il 


General Electric Co., Construction Mate 
rials Div Bridgeport 2, Conn 


CHERRY offers methods for... | eee oa ro oo 


Sprague Electric Ce 307 Marshall, Nortt 
Adams, Mass 

Mylvania Electric Products Inc 174 
Broadway, New York 19 N. Y¥ 

Westinghouse Electric Corp Gateway 
Center Bldg No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


Conn. VRE)” «FOILS, WIRE MARKING 
Div Associated Kingsley Stamping Machine Co sh5e 
Plymouth Kd Cahuenga, Hollywood 38, Calif 


Div., Associated FOOT SWITCHES. Bee Switches 
Arbor, Mict KI 


vaterville 68, Cons FORGINGS 
yer Ce Waterbury 2 
American Brass Ce Waterbury 20, Con: 
New Bedford. Mass ‘hase Brass & Copper Co., Waterbury 20 
Conn 
W. 14th. Cleve Vhiladelphia Bronze & Brass Corp., Sub 
of PP. RR. Mallory & Co Inc 22nd 
Associated Spring and Master, Philadelphia 21, Pa 
Revere Copper & Brass, Ine 230 Park 
K., Philadelphia Ave. New York, 17, N. ¥. (Non-ferrous 
Kyer & Sor Ir Joseph T Chicag 
Div. Associate I 
yourn Ave Chi 
FREQUENCY METERS. See Instruments 
Lehigh Ave 
Joliet. I FUSE HOLDERS, MOUNTINGS ano 
? , CLIPS 


Chur Alden Producta Co., 117 N. Matin, Brock 
tor Mass 
71 W RSer Burndy Engineering Ce Ine Norwalk 
Conr 
\ Div Aen Holub Industries, Inc 445 Elm. Sycamore 
Bristol, Conn KI i! 
ee sociated Spring Cory Ideal Industries, Inc 1008 Park Ave 
~ | Milwaukee, Wis KL) Sycamore, Ill 
AC TUATOR TRAVE f ' A Washer Co 40 Hermor Ilkeo Corp., 5745 Mariemont Ave., Cin 
t / — 1 (L innat! 27, Ohto 
lated Spring Corp., 171 Jones Div Howard B., Cinch Mfg. Corp 
m, Oblo (KL) Chicago 24, In 
Rut f United-Carr Fastener Multi Flectric Mfg. Ine., 4227 W. Lake 
66 Glen Kd., Mountainside, N. J Chicago 24, Til 
Square D Co 6060 Rivard, Detroit 11 
nd Mfg. (« Div. Associated Spring Mich 
Corry, Pa. (KL 
skeproof bb of Illinois Tool Works FUSES 
Sees Se a Ade) Burndy Engineering Co., Ine., Norwalk 
; aanee outhco Div., Srd & Conn 
General Blectrie Co, Apparatus Sales Div 
Schenectady 5, N. ¥ 
Royal Electric Co., Ine Pawtucket, RI 
Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


vd Lester, Pa 
Chicage 


Americar 
N Dear 


Cambridge 


GAGES. TEMPERATURE, PRESSURE 
and VACUUM 


Bristol Co Waterbury 20, Conn 

Edison, Ine Thomas A Instrument Div 
Dept 3, West Orange, N. J 

' TAGItabue Instrument Div., Weston Elec 
tw in } xf ; trical Instrument Corp 614 Freling 

sg0 23. 1 huyeen Ave., Newark 5, N. J 
: Wheelco Instruments Div., Barber-Colmar 

‘ 1403 Rock, Rockford, Il 

FIBRE. PHENOLIC. See Plastics, Lam! 


ted 
ate 


GALVANOMETERS. See Instruments 


FIBRE, VULCANIZED. (Roard Sheet 
Rod, Tubing) ? e GASKETS 
ental-Diamond Fibre Div f The American Felt Co 16 Glenville Ra 
Kudd Co I Newark 13. Del Glenville, Conn 
ution Manufacturers Corp 65 W Armstrong Cork  ¢ 06 Ingersol, Lar 
ton Bivd Chicago 6, I aster, Pa Cork and Rubber Compost 
j ibre (Ce Wil tions) 
wines F wilming Auburn Manufacturing Co., 306 Stack 
‘ ‘ Tor { Middletown Contr 
. a Penewende Chase Brass & Copper Co., Waterbury 20 
‘ibre Work f Der Conr 
ict = . : Chicago Rawhide Mfg Co., 1301 Elstor 
c Norriets > Ave, Chicago °2, Til 
Weet Vir alley Pulp pie ig lg « Crane Packing Ce 6424 Oakton, Mortor 
r ve Ne Y 17 , Grove A] 
= eee ae Klectro Tec Corp., 4 Romanelli, South 
Hackensack d 
FILTER ELEMENTS, POWDERED Goshen Rubbe P. 0. Box 5117 
METAL Goshen, Ind 
Div f Chrysler Corp Detroi Johne-Manville, Box 60, New York 16 
_™ = 
4 Haybestos-Manhattar Ir Plastic Prod 
40 ille e. ¢ 
we ? - wts Div., Manheim, Pa 
1 S Gasket Co, Camden 1, N. J 
t. 8 Rubber Co Rockefeller Center 
FILTERS, RADIO New York 20. N. Y 
Aerove New Bedford. Mass Western Felt Works 4035-4117 Ogden 
Girant A é. Newark. & Ave Chicago 23, Il 


Telephone and Radio Co, Iv GEARMOTORS. See Motors 


ternationa Telephone and Tele 
100 Kingsland Rad cir 


ELECTRICAL PRODUCTS CORPORATION ten Cn th 41-05 Fowler Ave 
650 Deerfield Road «+ Highland Park, Illinois : ’ N. ¥ Amplex Div. of Chrysler Corp Detro 


General Electric Co, Apparatus Sales Div Mict 
Schenectady 5. N. ¥ American Stock Gear Div., Perfection Gear 
Guiton Mfg Corp Gulton Industries Co., Harvey, Tl 
In 212 Durham Ave. Metuchen. N. J Beaver Gear Works, Inc., 1085 Parmele 
Hycor Div. of International Resistance Co Rockford, Tl 
970 Bradley Ave., Sylmar 10, Calif Bowmar Instrument Corp., 2415 Pennsyl 
Mallory & Co., Ir YP KR. Indianapolis vania Ave.. Ft. Wayne, Ind 
6. Ind Cone-Drive Gears Div., Michigan Tool Ce 
Sprague Electric Co, 307 Marshall, North 7171 EB. MeNichols Rd., Detroit 12 
Adams, Mass Mict 
Oontinental- Diamond vee Div. of The 
. Budd ¢ In Newark 13. De! 
PInOnss a neeeur ts. ae lass Fastex Div. of Illinois Toel Works, 195 
on ; , Algonquin Rd, Desplaines, Il 
. Gear Specialties, Inc., 2685 W. Medill 
Ave. Chicago 47, Il 
FLUORESCENT LAMP AUXILIARIES Gries Reproducer | Cor 125 Beechwood 
Includes Adapters, Ballasts, Compe Ave. New Rochelle K z 
sators Control Units Starters anc Massachusetta Gear & Tool Co., Woburn 
Transformers. For Resistors, see Re Mass 
sistors, Instrument & Radio: also (es Onio Gear Co. 1358 EB 179th. Cleveland 
acitors 10) Ont 


GEARS and PINIONS 


Please send Bulletin 


c-200 t-100 - On complete CHERRY line 


Neme 
Position 
Company 


Street 


City Zone State 


eee eee eee ee ee ee 
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A HANDFUL OF CHIPS... 


tells the COST-CUTTING story of 
Chase’ FREE-CUTTING Brass Rod! 


Take a close look at the ty pu il chips 


mae hined from ¢ hase I ree Cutting Bras 


Rod 


curled they are. 


See how short. brittle and tightly 


Phey could only have 
come from rod that permits really high 
cutting speeds and heavier feeds without 


’ 
Lummtng or jamming 


Such remarkable chips also indicate 
the quality at low-cost of finished pieces 


machined from Chase Free-Cutting Bras 


precision threads and 


that take 
harp knurls 


ind 


Smoother, cleaner piece 


require less polishing simplif 
lacquering, enameling or plating 
The Chase 


standard mill length 


ware hou enear vou stock 


in many different 


cross-section 


that save 
in be 


speci il 


hape 
even more machining time ¢ made 
to order 


W rite 


The Nation’s Headquarters for Brass & Copper 


Atlanta Baltimore Boston Charlotte Chicago Cin 


Milwaukee Minneapolis Newark New Orleans 


READER INQLIKY 


nnati Cleveland 


New rk Ph 


Chase # 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


Waterbury 


$71 





Ine 4612 W. Fullerton ‘ us clectri Corp. Gateway 
0 


li ( $, 401 Liberty Ave. 
9540 Tulley Ave, Oak 7 4 


law 


root Diy. of Jilincis Tool Works, HIGH NICKEL ALLOYS. See Nickel and 
Charles H4., Fagin, I) Nickel Alloys 
‘ ‘tates Graphite Co., 1621 Holland 
taginaw, Mich (Metal 
ghouse Flectric Corp., Gateway HOLDERS, COMMUTATOR BRUSH 
er, Bidg. No. 3, 401 Liberty Ave Graphite Metallizing Corp., 1059 Nepper 
sburgh 22, Pa ia han Ave. Yonkers 3, N. ¥ 
wi\er Manufacturing & Tool Co., 1712) Mycalex Corp ~f America, Clifton Bivd 
Arcade Piace, Chicago 12, 1 ( n, N. J. (Glass Bonded Mica 
I pn. Jlectric Mfg. Co., 4211 W. Lake 
GENERATORS. See Motors . 4 I 
rig Electronents Div Midwest 
GENERATORS, ELECTRONIC ling & Mfg. ©o., Gurnee 96, ID 
Klectric Indicator Co Ine 106 Camyz 
‘ Springdale, Conn IMMERSION HEATER UNITS. See Heat 
sener Klectr (so Apparatus Sales g Elements & 1 ta 
Mechenectady 5, N. Y 
Klectri Co. Electronics Div 
ics Park, Syracuse 1, N. Y IMPREGNATING COMPOUNDS. Bee Co 
I oie Ir Dent EM - t Insulating & Sealing; Waxes and 
' ( ept 3 7 ‘1 
State, Racine, Wis — 
weeterr Industria lectronics 
3 t Oak Kad P.O. Bow 13055 INDICATORS, HEAT. See 


Thermometers 
as 


Corp.. Gulton Industries. INDICATORS, SPEED. See Tachometers 
2 Durham Ave., Metuchen, NJ ” mans 


GERMAHIUM DIODES. See Rectifiers, 'NOUCTION HEATING. See High Fre 


uctor; Transistors & Cryste juency Heating Units 
Diodes 


INFRA-RED LAMPS. See Lamps, Incas 
GLASS-BONDED MICA 


lesweent & Infra-red 
” ental-Diamond Fibre Div. @ The 
Generel Bisctein” Cae tenia tne 1 INSTRUMENTS, ELECTRICAL MEAS 
Plastics Ave Pittsfield Mass URING and TESTING 
alex Corp. of America, Clifton Blvd Acme Electr Corr Cuba, N.Y 
f N. J Aerov ‘ I New dford, Mass 
Assemt , (Chesteriand 14 


GLASS-FIBER, YARNS, CLOTHS and 


. Asm le ch 94 Belmont 
TAPE Mee Fabrics, Insulating } 


$ rt 33 EK. 103d New 
GLASS, TECHNICAL Yor ’ 


0 Main h Khart oe wd Conn 
t 45-01 Northern Blvd 
Ie me ic N.Y 

t Broadway Kansas 
GOLD, ROLLED. (Plate and Wire 
= . \ Minneapolis Honeywell) 

113 Astor, Newark Kd., Boston 35, Ma 
. Federa ephone and Radio Co., Div. of 
Metals & Controls t ation Telephone and Telegraph 
Attieboro, Ma r 0 Kings 4d Rd., Clifton, N. J 
Fultor New York ° . me < Im 730 Weir 

i idgewood) 2 Y 
Elm, Hartford } . = apmaratue Sales 
_ 2 
Corp Gulton In 
Durham Ave Me 


s, Im Belleville 


GRAPHITE See Carbon and Graphite yu sat 445 Elim, Sycamore 


GREASE, BEARING 
Dow Corning Cor Midland M 


GRIPS and CLAMPS, STRAIN RELIEF K 
I) , 2 s Too Works 19 ’ 8 


Kd lbeaplaines, I 


\ General l’re 
Ke wort N. J 


ajull Pp HKinghamtor 
& N. Kostner Ave N 


N Fair Oaks 


18 Ameterdam Ave 

Co Ine Holtzer 

25 Amory, Boston 19, Mass 

HARNESSES and ASSEMBLIES, wine !" a ee Oe, O 

A 117 N. Main, Brock Apparatus Co., Inc., 70-31 84th 
L. L, N. ¥ 


4638 W. Van Buren of America, Tube Div., Har 


William, Willimantic tric Co., 5200 W. McKinzie 


Wire Co, 50 Church, New York outhwet Industrial Blectronics Corp 
, O58, 283 Post Oak Rad 
Oo. } 4 


Carol Cable Div., Pawtucket Texas 


ti d 35 8. St. Clair, Dayton 2 
UNIFORMITY rake, Manatcuring Co, att W. att 


Chicag I Waterman Products Co Ine 2445-63 
Blectrie ¢ Construction Mate Kamer Philadelphia 25, Pa. (Oscillo 
Div Bridgeport 2, Conn 


» » Plastics Cory Commercial & Fos 1 
UNIFORMITY of Essex Extra-Test Magnet Wire r, Worcester 8, Mass r $ No 
1328 N. Halsted, Chi » irgh 22. Pa 

stor 5 F Instrument Corp 614 
r pper 1729 Wastham Ave yeen Ave. Newark 5, N.J 
freedom from broken wires, crossed turns , : . Ohio Vhoek ~e A ees ee eee 


y 


ectr Co Gateway 
401 LdAberty Ave 
ires Maximum turns in available space 


runbacks, spaced turns, and frequent HEADPHONES and HEADSETS 
aectri Bales Corp 1038 W . 
ments. For uperior performance 1 . ures hicago 11, Tl INSTRUMENTS ELECTRONIC, Bee ale 
4 Div of Geners Om me Recorders, Oscillographic 
Carlson Rad Brist ‘ Waterbury 20, Contr 
P Brush Klectronics Co., 3405 Perkins Ave 
XTRA VA x Telex Park, ®t. Paul 1, Minr Clevelar 4. Ont 
P Doeicam, Div. of Minneapolis. Honeywell 


Soldiers Field Rd., Boston 35, Mass 
HEATING ELEMENTS and UNITS Du Mont Laboratories Ine., Alien B., 160 


2 . Bloomfield Ave., Clifton, N. J 
‘ ] Driver Co Wilbur B 150 Riverside Federal Telephone and Radio Go, Div. of 
f Ave., Newark 4, N. J s International Telephone and Telegraph 
7EsT ; Corerel _ Seemease Co, Gyecratas Seles Corp., 100 Kingsland R4., Clifton, N. J 
Div.. Schenectady 5 hen ectrie Co., Apparatus Bales Div 
EXTRA Men Ge. 429 2 164th. New Yat General | tri ‘©., Apparatus Ba 


: Schenectady 5, N. ¥ 
+s ESSEX, MAGNET WIRE genes Ch witen Mig. Co. Guten Is 


‘ 5 
x aK y al i ‘ specily SCX 
actin ip} tarice pe l 


. duatries 
k “on oer oO Pe 2M Durham Ave., Metuchen, N. J 
\ an Electric ¢ Janvers 2 ase laydu rothe of Ne J Main 
Wa Electric Mfg. Co., 1862 Fergus '* 4 repens . oe oS ain 
u Mo. tri . Soul y E 
! CORPORATION . Bt. lous 14 dustrial Test Equipment Co, 55 East 
wiet ve DIVISION ESSEX WIRE a TR a 


Gatewa 
erty Ave 


une Electr Corp 
RRND Sy Ee vane. Sees : 8, 401 Ti t , BOR Western Ave., Glen 
gh? “3 ‘ ve if 
‘ no Edwin LL 7530 Thomas 
MANUFACTURING PLANTS — Birminghom, Alaboma, Anoheim wregs 


B I burgh &, Pa 7 pat =e nton 
‘ ’ "“ttsburgh > C ers a 632 Ti 
California; Fort Wayne, indiana Detroit, Michigan 


r c meri Tube Div., Har 
SALES OFFICES AND WAREHOUSES * HERMETIC SEALS. See Seals and Ter ris 


als, Hermet Div 195 Masses 
At ' ‘ bi f Texas; Hart wk, NJ 


hus , Cambridge 38, Mass 
. 9 ‘ Ore Roche N_Y 
ham a or ‘ 


“« 000 W. McKingie 
: ‘Saint | = Mle HIGH-FREQUENCY HEATING UNITS hicago 44, 1 
Moss , ‘ ; we - , 


r ; s t tert nd 1! Electronics Corp 
*San Fr Calif s Chalmer Milwaukee 1, Wis sthwestern Industrial |] 
Clevelar ic “ nrvsd ' " ; Philoede eral ’ Apparatus Bales PO. Bos O58, 2831 Post Oak Ra 
Dallas, Texas; Daytor ‘ ‘ : : eee . I , N.Y Houston 19. Texas 
Ohio; Detroit, M : : ; phia), Pe a a t Remiconductor Westor Hlectrical Instrument Ce e14 
Seattle, Washingtor i 240 \ . ‘ $re y N.Y Frelinghuysen Ave., Newark 5, N.J 
Fort Wayne, ind ‘ I x 


v 
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NOW 


fs, 1 and '/ watt Molded Precistors 


















MOLDED DEPOSITED 
IRC molded Deposited and Boron Carbon CARBON PRECISTORS 


Precistors are now available in !s, '4 and 
iter open 
ah oo icmemeemnee —— 
l, watt sizes. These 1°; precision film type 


‘ . . Type MDA— “% Watt 
resistors combine the advantages of high 


stability, small size and low cost in either 





deposited carbon or boron carbon units. 


Ratings are based on full load at 70°C. ambient 


The molded plastic housing provides complete 





mechanical protection, minimizes the effect of Type MDC— 4 Watt 


moisture and improves load life characteristics. 


MOLDED BORON 
CARBON PRECISTORS 


+ } eae Xp ts 
c nn ea : : x 1 
| \ ‘ ane Type MBA— '” Watt 
cae ti aos ‘ re | 
| iseieioeeee : i Irie 


. MBBAX ! a ee 





Equivalent In Size To IRC’s Popular Types BTS*BW'1 * BTA 








IRC Size 


Precistor 

















Type MBB— 4 Watt 


Types Equivalent 
MDA — MBA 
MDB — MBB 









MDC — MBC 
Type MBC—'A Wott 







insulated Composition Resistors « 
Deposited and Boron Carbon 
Precistors * Power Resistors « Voit- 
meter Multipliers * Uitra HF and 
Hi-Voltage Resistors. 


Low Wattage Wire Wounds Resist 
ance Strips and Discs + Selenium 
Rectifiers and Diodes + Hermetic 
Sealing Terminals «+ insulated 
Chokes + Precision Wire Wounds. 







INTERNATIONAL RESISTANCE CO. 


Dept. 223, 401 N. Broad St., Philadelphia 8, Po 







in Canada: International Resistance Co., Lid., Toronto, 





licensee 












Send me data or 






Molded Deposited Carbon Precistors 


Molded Boron Carbon Precistors 






Nome 





Company 















Address 


ity 


INSTRUMENTS LABORATORY 
STANDARD 


LAMPS, FLUORESCENT 


ra I tr ( a 
a 0 
Cor 
1 


LAMPS. INCANDESCENT 
INFRA-RED 


LAMPS, MERCURY VAPOR 


( Par 
a lark 


LAMPS, MINIATURE (Pilot and indi 
cator 


LAVA 


LAYOUT FLUID 


Mo 


LENSES, PRESSED GLASS 


Kopp 


LIGHTING FIXTURES 
Killark Electr Mar 


Mo 


LIGHTS, PILOT and INDICATOR 
radu Co In 7 

tro Mare 

INSULATION. WIRE and CABLE rr rt & Hegeman E 

Ceram and Synthetic jaw Hartford 

: ( De 

Los Angeles 


) Svra 


' 


44 Stewart 


Called “FOPS” By Every User! 


LOCKNUTS and LOCK WASHERS 
Fa ers 


° = : * * , mM A N IRONS. SOLDERING s a LUBRICANTS 
ELECTRIC TUBULAR ree .*- p.. 5 Harvard Ave 


ISOLATORS. VIBRATION and SHOCK 
: Rubber and & ee 


HEA TING El EM EN TS ' LUBRICANTS, OIL and GREASE 


JEWEL LIGHT ASSEMBLIES ‘ G Ir Mf ( 1846 & K 
nd I a ‘ 


KNOBS. CAPS and HANDLES. MOLDED 


LUGS and TERMINALS 
M r et i 


*® TOP PERFORMERS 1 
* TOP QUALITY 


*& TOP WORKMANSHIP 
at LOW COST TO YOU! 


LACQUERS ENAMELS PAINTS and 
VARNISHES. FINISHING 
Pr 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design 


Millions are now in use as standard equipment in 
America's leading nationally advertised electrical 
appliances 
Available in copper, cold rolled steel and acid RL thket Vee nal Wher me 
resisting steel alloy in standard sheath diameters for Wa 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 
MASERTER VAST IES _ MACHINES. See specific headings 
neh ee ek LAMINATIONS MOTOR Balancing: Coll Winding, Die Costing 
TRANSFORMER Print Rivet Setting Screw Driving 
429 East 164th Stre New York 56.N_ Y Las ' ; 5 t Stator Winding; Strippers, Wire; Vibra 


tion Test Als see Marking Machines 
M ! ) ; ‘ and Devices 















LO INDUSTRY 


it was a“problem baby,” 
so they brought it to us... 








This emblem is your 
assurance that the zinc alloy 
used in every 
Stewart die casting 

meets the rigid specifications 
established by the 
American Die Casting Institute. 














A DIVISION OF 
STEWART-WARNER CORPORATIOR 
Chicago, Illinois : 4535 Fullerton Avenue je 

Bridgeport, Connecticut : 275 Warner Street — , 


announcing 


New 


U Paste 


WIRE 
CONNECTORS 


Now, two new IDEAL AIll- 
Plastic Wire Connectors make 
exclusive benefits and econo- 
mies available for broader use, 
and higher voltage applica- 
tions. With these additions to 
the complete line there is now 
an IDEAL AlII-Plastic Connec 
tor to help you cut costs and 
get better connections on all 
common applications. 


\ | New No. A-4 


This broad range, low-cost connec 
tor handles wire combinations from 
2. 3, 4 or 5 No. 18 wires to 2 No 
14 with 1 of 2 No. 16, solid or 
stranded—and practically everything 
in between. Simplifies stocking 
ordering, inventorying | 


Get Proven 
Better Results 
at Lowest Cost for 


© MORE WIRE 
COMBINATIONS 


© HIGHER VOLTAGE 
WEEDS 


© WIDER 
APPLICATION 


APPROVED FOR 600 V 
GENERAL USE—1000 V. ON 
LIGHTING FIXTURES 


High dielectric strength and 
longer threaded shell are es 
pecially designed for high 
voltage use. Handles from 2, 
3, 4 of 5 No. 18 wires to 2 
No. 14 str. with 2 No. 18 


Easy and fast to use on production lines, IDEAL 
All-Plastic Connectors insulate and armor con- 
nections in special nonporous plastic. They have 
high dielectric strength, grip with vise-like 
strength, never cut or aoa the finest strands. 


Speed Assembly with 
“~ Gpeal) WUT RUNNERS 


Twe Types cover oll application needs. 


| emp 


» ROUND SHANK WITH SMOOTH CONE 
Standerd V4" shank. Nut runner grips and 
turns through friction until connector is tight 


HEX SHANK WITH SPLINED CONE Va" 
hex shank. Splines inside cone mate with 
knurls on connector. Setting clutch provides 
proper torque 


CANADIAN DISTRIBUTOR: Irving Smith, ttd., Montreal 


(- —- —- — —- —-—- — — — —- - -- - - -- = 


IDEAL INDUSTRIES, INC. 
1008 Park Avenue, Sycamore, Illinois 
Kindly send me FREE SAMPLES OF IDEAL All Plastic Wire Connectors 


Wires 


SEND ME 
FREE 
SAMPLES! 


mia 


We connect a No. wires to No. 
NAME 
COMPANY 


ADDRESS 


\ ZONE STATE 


city 
ion eee eee ewe eee eee wwee 
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MAGNETIC AMPLIFIERS 


Doelcam, Div.. of Minneapolis-Honeywell, 
Soldiers Field Rd, Boston 35, Mass 
Freed Transformer Co., Inc 1730 Weir 
field, Brooklyn (Ridgewood) 27, N. Y 
General Electric Co., Abger tus Sales 

Schenectady 5, N : 
Amplifier Ir 
rk 55. N. ¥ 
ous Electr WE 
tidg No. 3, 401 I 
Pa 


632 Tinton Ave., 
Gateway 
berty Ave., 


MAGNETIC 


neti 


BRAKES. See brakes 


Mag 


MAGNETIC MATERIALS 
trica Magnets 
ihe ler Com 
Products 


See Steel Elec 
Permanent; Magnetic 
ponents; Powdered Meta 


COMPONENTS 


MAGNETIC RECORDER 
r r 154 Riverside 


Co Wilbur B 
ewark 4, N. J 
«& Mfg Co., Electrical 
900 Fauquier Ave St 
(Tape 
Div of General 
7 Carlson Rd 


MAGNETIZERS and DEMAGNETIZERS 
Radio 


Laboratories Ine., 
is 


Frequency 
4 a J 


MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, Tl 

Carboloy Dept f General Wlectric Co 
l BE. & Mile Ave Detroit 3 Mich 

Steel Co of America, Henry W 

Bidg Pittsburgh 30, Pa 

Stee Producte ( Valpariso 


Crucible 
Oliver 
Indiana 
Ind 
The at & Skinner Ie 


fianapolis Ind 


1114 E 23rd, Ir 


MAGNET WIRE. Bee Wire. Magnet 


MARKERS. IDENTIFICATION 


Ira ‘ V H., 727 W. Glendale Ave 
Milwaukee 12, Wis 

brand Cc William, Willimantic 
National Band & Tag Co Dept 
Newport, K 
Corp 207 

ge, N. J 


Conn 
9-64 


Randolph Ave Wood 


MARKING MACHINES and DEVICES 
(For Marking Wire, Foll, Plates, ete.) 
Hrady ¢ wu 127 W. Glendale Ave 
Milwaukee Wis 
Kingsle Stampir Machine Co R50 


Cal ga. Hollywood ® Calif 


EQUIPMENT 
ental-Diamond Fibre Div. of The 
i ¢ Ir Newark 13, Del 
anized Fibre Co Wilming 
Del 
Myers, Inc Crane & 
gfield 99, Ohio 
Fibre Co lr 


MATERIALS HANDLING 


Holst 


Tonawanda 


MERCURY RELAYS, See Relays 


MERCURY SWITCHES. Sce Switches 

METALLIZING EQUIPMENT 

Metallizing Engineering Co Ine 
Prospect Ave, Westbury, L. LL, N. ¥ 


METALS, LAMINATED. See Laminated 


Metals, Precious & Base 


METALS. PRECIOUS. See 
ated Metale; Piatir 


Gold; 
um; Silver 


Lam! 


METALS, PRE-PLATED. See Pre-Plated 


Metals 


METALS, RARE 

Fanetee! Metallurgical 
ago. Iii 

Mallory & Co., Inc, P. R. 
6. Ind 


Corp., North Chi- 


Indianapolis 


METERS. See Instruments. 


MICA, 
Bonded 


GLASS-BONDED. See 
Mica 


Glew 


MICA, MOLDED and LAMINATED 
(Sheets, Plate Tubes, ings, 


Segments, Washers, ete.) 


Inc., William, Willimantic 
inental-Diamond Fibre Div. ef The 
i Co., Inc Newark 13, Dei 
Electric Co., Chemical Div., 1 
cs Ave., Pittsfield, Mass 
jlation Manufacturers Corp., 565 W 
Washingten Bivd., Chicago 6. Ill 
Macalien Co, Bay Rd., Newmarket, N. H 
Mica Insulator Co Schenectady 1, N. Y 
New Eng Mica Co Inc., 66 Woerd 
Ave., Waltham 54, Mass 


MICA UNDERCUTTERS 


Ideal Industries, Inc 1008 
Sycamore, Ill 


Park Ave 


MICROPHONES 


American Microphone, Electronics Div 
tlgin National Watch Co.. 3760 8 Fair 
Oaks Ave Pasadena, Calif 
General Biectri Co., Apparatus 
Div Schenectady 1, N. Y¥ 


Bales 
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Telex, Inc.. Telex Park, St. Paul 1, Mina 
MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics, Mica, Plas 
ties, Rubber 


MOLYBDENUM—Sheet and Wire 
(Bee aleo Contacts) 

Fanstee! Metallurgical 
cago, 

Mallory & Co., Inc., P. R 
6, Ind 


Corp., North Chi 


Indianapolis 


MOTOR BASES, ADJUSTABLE 


Allis-Chalmers, Milwaukee 1, Wis 
MOTOR CONTROLS and STARTERS 


See Controllers, Motor Push Button 
tations 


MOTOR GENERATOR SETS 
lLaach Cort Inet Pa er D t 

Santa Fe Ave., Los Angeles 58, Calif 
MOTORS and GENERATORS 


Table on page 378 


See Motors 


MOUNTINGS, RUBBER and 
SYNTHETIC 

Barry Controls, Inc 
town 72, Mass 

Johne-Manville Cort 
7800 Woodlawn Ave 

U. 8. Rubber Co 
York 20, N. ¥ 


708 Pleasant, Water 
Dutch Brand, Div 
Chicago 19, Il 
Rockefeller Center, New 


MOVEMENTS, CLOCK and TIMING 

Haydon Co., A. W 234 =«=Nortt 
Waterbury 2 Conr 

Haydon Mfg. Co In 
rington, Conr 


Elm 


2529 


Fim, Tor 


NAME and INSTRUCTION PLATES 

Brady Co., W. 7 W 
Milwaukee 12, Wis 

Continental- Diamond 
Budd Co Ine Newark 13, Del 

General Blectric Co., Chemical Div 1 
Plastics Ave., Pittsfield, Mass. (Plast 
ies) 

Mica Insulator Co., Schenectady 1. N. Y¥ 

North Shore Nameplate Ine 214-27 
Northern Bivd., Bayside 61, N. Y 


Glendale Ave., 


Fibre Div. eof The 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 


Alloy Metal Wire Div H. K. Porter Co 
inc., of Pittsburgh, Prospect Park, Pa 

American Brass Co., Waterbury 20, Conn 
Cupro- Nickel 

Chase Brass & Copper Co 
Conn 

Driver Co Wilbur B., 150 
Ave., Newark 4. N. J 

Driver-Harris Co., Harrison, N. J 

Elgin National Watch Co., Ordnance Div 
Elgin, Il (Cobalt Nickel) 

General Plate Div., Metals and Controls 
Corp., 46 Forest, Attleboro. Mass 

International Nickel Co., Inc., 67 
New York 5, N. Y 

Penn Precision Products, Inc., 501 
cent Ave., Reading, Pa. (Strip 

Revere Copper & Brass, Inc 130 
Ave., New York 17, N. ¥ 

Riverside Metal Ce., Div. H. K 
Ine Riverside, N. J 

Superior Tube Co., 
Tubing 


Waterbury 20 


Riverside 


Wall 

Cres 
Park 

Porter 


Norristown Pa 


NICKEL-SILVER 
(Red, Sheet, Tubing, Wire) 
American Brass Co 
Chase Brass & 
Conn 
Penn Precision Products 
Ave., Reading, Pa. (Strip) 

Revere Copper & Brass, Inc., 230 
Ave., New York 17, N. ¥ 
Riverside Metal Co. Div H. K 
Co.. Ir Riverside, N. J 
Beymour Manufacturing Co., 

Corn 


Waterbury 20 
Copper Co., 


Conn 
Waterbury 206 


Inc., 501 Crescent 

Park 
Porter 
Seymour 


NON-MAGNETIC 


See Steel, 


IRON and STEEL 
Stainless 


NUTS. See Fasteners 


NUT RUNNERS. See Screw Driving Ma 
chines 


OHMETERS. See Instruments 


OILERS. See Labricators. Ol! of Grease 


OSCILLATORS. See Instruments 
OSCILLOSCOPES. See Instruments, Flee 
tronic; also Recorders, Oscillographic 
Du Mont Laboratories, Inc.. Allen B., 
760 Bloomfield Ave., Clifton, N. J 
Federal Telephone and Hadio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd Cliftes, 
N. J 
General Electric Co., 
Schenectady 5. N 
Radio Corp f America 

risor N. J 
Simpson Electric Co., 
Chicago 44. Ti 
Waterman Products Co Ine 
Emerald, Philadelphia 25, Pa 


Apparatus Sales Div., 
Y 

Tube Div., Har- 
5200 W. McKinzie 


2445-63 


PACKAGING. See 


Containers 


Boxes and 
Packaging and 


Crates 
Shipping 


PACKINGS. See Gaskets 


PAINTS. See 


Lacquers 
and Varnishes, Finishing 


Enamels, Paints 


MANUFACTURING 








"Steelmaker to the Electrical Industry” is a tithe we have 


earned the hard way by the sweat of research and 
pioneering development. In this modern world ot yaupyes 
and instruments, of automation, electronics and atomics 
the heart of the design is so Often some silicon steel, high 
permeability alloy, or other special electrical material that 
we produce. @ When you need a steel to do what ordinary 
steels cannot do—whether electrically or in re sisting corro 
sion, heat, wear or great stress, call on us. Allegheny Ludlum 
Steel Corporation, Oliver Bldg., Pittshurgh 22, Pa. 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum @=.: 


CTRONIC AGE ) 


Warehouse stocks of Al Stainless Steels carried by all Ryerson plants - 


ICE CARDS, PRECEI ACK COVE 





Meters 
tell the tale 
but 


SPECIAL 
ELECTRICAL 
ALLOYS 


do the 
work 





WAT es 8) 


ELECTRIC 


@ Custom 
designed and 
produced in 


production TYPICAL USES 


Tea Kettles 
Broilers 


quantities 


Sterilizers 
Cotfee 
Makers 


Typical immer- Rinie Minarared 


sion type heater Portabl 
able 


Hicaters 


© My, 


for automatic 


cottce-makers. 


Call or write today for specific infor- 


mation, or send prints for quotation, 


MC al: a 
211 ASH STREET « AKRON 8, OHIO 


Get Greater Accuracy In Your Stamped Gears 


EACH WINZELER STAMPED GEAR, in runs of hundreds 
or thousands, equals or surpasses the most exacting speci- 
fications. They invariably cut assembly time, and costs. 
Mechanisms run smoother, sweeter, longer. And users 
like the quiet, dependable performance of WINZELER 
Geared products. Send along drawings, specifications, 
quantities needed. Let our capable staff help you. 

. o° , Gear 
SEND FOR Geile Elei Litnical data, tables, ideas, sugges 


tions, descriptions of many types. Use company stationery please! 


@ WINZELER WANUFACTURING & TOOL CO. 


1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 


MOTORS 


Miniature Timing Motors, Geared 


Under 1 


Subfractional 


20 Hp 


Fractional, 1/20, % Hp 


Integral, 1 to7'44 Hp 


Integral, Over 744 Hp 


Gearmotors 
Generators 


Low Voltages (Under 110 


ro Manufa 
Ohio (B 
Chalmers, Mi 
MNOQKTUVW 
A ‘ The Louls 
KLNOQKRUVYZ 
is r 4 ‘ Dept. I ] Kock 
Rockford, I BCEYZ 
Klectri Co oF, Ww 


ago 12, Til 


turing Co., Columbus 16 


waukee 1, Wis. (KL- 


Milwaukee 7, Wis 


Bodine r Onlo, Cr 
(ABCDEFGHIQRTY Z& 
iry Electr Co., 1806 Pine, St. Louls 
Mo FOKLNOPQRUVWYZ) 
elar tlectric Motor Co., 5213 Chester 
eveland 3. Ohio (FKNQ) 
orp. of America, Soreng Dir 
Soreng Ave., Schiller Park, Ill. (F 
ar Ine R. W., Box 8, Center 
('onn (A) 
Manufacturing Co Electrical Div 
The Singer Manufacturing Co., Somer 
é N J. (BCFHKNY) (Servo) 
Doelean Div. of Minneapolis-Honeywel!l 
Soldiers Field Rad Boston 35, Mass 
Serve 
Doerr Electric Corp 
urburg, Wis. (FGKL) 
ert Air Devices In 3a3 
Ave Dover N H 


Serv 


510 N. 4th Ave 


Central 


(ABEFIQTU 


Mie ¢ 
FKN 
Specialty Co 221 

ford, Cont 


Dynamatic Div., Kenosha 
Routh Stam 
FOJKLMNOPUVWYZ) 
Kay Motor Co Ine 11747 Vose, N 
wood, Calif. (BCQRZ) 
mn Electr Mfg. Co., St 
FOJKLMQR) 
seco Industries. Ine., 
BCDFOHYZ& 
G-M_ Laboratories, Ine 4334 WN 
Ave Chicago 41, I (Servo) 
General Electric ¢ Apparatus Sales Div 
henectady 5, N. ¥ 
BKCDEPGHIKLMNOPQRSTUVWYZ&) 
ral Industries Co. Dept. ML, Elyria 
Ohteo (BOYZ) 
Globe Industries Inc., 
(BC) 
Hagen Mfg. Co Ine 202-20th 
1! ARCDE) 
Haydon Co A. W 234 N. Ele 
Conr CXZ) 
Mfg. Co. Ir 2529 Elm, Tor 
ARCYZ) 
nze Electr Co., 685 Lawrence 
Mase BCDFZ. 
er ¢ Gerald K 1 N. Carey, Balti 
Ma ‘ 
Kle ‘ 12899 Elmwood Ave 
BCEFGIUVW 


Iouis 21 


Rochester 2, N. ¥ 


Knox 


Dayton 4, Ohlo 


Moline 


Water 


bury 20 
Haydo 
r tow cr ' 


ie Lowell 


Servo) 


PALLADIUM. See Pilatir 


PANEL 


Allen-Bradley Co 
waukee 4, Wis 
Arrow, Hart & Hegeman Plectric Co., 103 
Hawthorne, Hartford 6 Conr 
Itristol Co Waterbury 20, Conn 
Clark Controller Co, 1146 E 
Cleveland 10, Ohlo 
Signal Corp., 202 


CONTROL UNITS 


1316 8. Second, Mil 


152nd, 


Fagle 
Ii} 
eral Electric Co 
Schenectady 5. N 

Ve emann Electric Co 99 
on, N. J 

Square D Ce 
waukes 12, Wis 

Ward Leonard Electric Co 
Mount Vernon. N. ¥ 

Weatinghouse Electric Corp 
ter Bide No. 3 401 
Pittsburgh 22. Pea 

Wheelco Instruments Div 
Co 1403 Rock 


20th, Moline 1 
Apparatus Sales Div 
: Plum, Tren 
4041 N Richards, Mil 
600 Bouth 


Gateway Cen 
Liberty Ave 


Barber-Colman 
Rockford, Til 
PANELS, DIAL. See Dials and Panels 


PANELS 
Metal 


SHEET 
Fabricators 


STEEL. See Sheet 


PAPER, INDUSTRIAL 


Cottrell Paper Co Inc., 88 
Fall River 1, Mase 
Hollingsworth & Vose Co 
Mass 
Mosinee 

Mosinee, Wis 
West Virginia Pulp end 
Park Ave., New York 17, 


Purchase 


East Walpole 


Paper Mills Co Dept EM 
Paper Co., 230 


N. ¥ 
PAPER, INSULATING 


Acme Wire ¢ 1255 
Haven 14, Conn 
ntinental-Dismond Fibre Div 
Budd Co., In Newark 13, Del 
Cottrell Paper Co Inc., 88 Purchase 
Fall River 1, Maas 
Dobeckmun Co., 93301 
and 13, Ohio 
General Electri Co Chemical Div., 1 
Plastics Ave Pittsfield Mase 


Dixwell Ave., 


of The 


New 


Monroe, Cleve 


Univ Synct 


A 
E 
J 


y r Di National Pnew 
ma Co I Amory Soston 19 
Ma ARCEPGOHIQU VYZ 
i urd =o Ind rie Ire Dept rM-6 
60 State, Racine, Wis. (ABCDEFG 
HQRTUVYZ) 

Howe Electr Motors Co., 
FGKLMNOPQRT 
Jack & Heintz Ine 
Cleveland 1, Ohio 
Lamb Electric Co 

GHIQRSZ) 
Leland Electric Co Div. of 
Machine and Foundry Co., 
Ohio (FGKLNOUYV 
Marathon Electric Mfg 
Randolph, Wausau, Il 
Marco Industries, Inc., Woemelsdorf, Pa 
Master Electric Co Dayton 1 Onto 
(FGIKLMNOPQRTUVW) 
Motoresearch Co., 1600 Junction Ave., Ra 
cine, Wis. (BQY) 
Oster Manufacturing Co 
Wis, (BCFGHUVY&) 
chro) 
Packard 
Cort 


Howell, Mich 
7620 

FK) 

Kent 


Broadway 


Ohio (BCDEF 
American 
Dayton 1 


Corp Cherry & 
(PFGKLNOUV 


John, Racine 
(Servo and Syn 


Flectric Diy General 

Warren, Ohio (FG) 

Tools, Inc 
(GHL) 


Motors 


Portable Electri 
Chicago 20, Til 


Rae Motors Corp 2009 Kewanee, Ra 
ine, Wis RCDFGHYZ&) 

Redmond (« I Owons Mict (RY 

Rellance Electric & Engineering Co., 1054 
Ivanhoe Rd, Cleveland 106, Ohio 
FOKLNOV) 

Reuland Electric Co 
KNQ) 

Robbir & 


Springfield 94 


320 W. 83rd 


Alhambra Calif 


Myers Ine 
Oto 


Lloyd 


Motor Dv 
BCDEPGIEKNU 
Scruges Co Festus, Mo. (BCD 

YAe&) 
Smiti 

FKN 
Sterling Electr Motors. Ine 540 

grapt Rad Lan Angeles 22 

(FKNQ 
Ther Electric & Machine 

Jeffersor Chicago 6, Ill 
Transicoil 

Quarryball 

(Bervo) 


Corp A 0 Tipp City Ohi 


Tele 
Call’ 


Works, 11A 8 


Corp 


Road 


Germantowr Pike & 
Fairview Village, Pa 


Wagner Electric Corp 
Ave.. Bt. Louls 14, Mo 

Westinghouse Electric Cort 
ter, Bldg. No. 8, 401 
Pittsburgh 22, Pa 
NOPQRSZ&) 


6454 Plymouth 
(PFGKLNYZ 
Gateway Cen 
Tiberty Ave 

(BCDEFGHJIKLM 


Wk ngeworth 
Mass 
Insulation Manufacturers 
Washington Bivd.. Chicago 6. Til 
Irvington Div Minnesota Mining @& 
Manufacturing Co, 9 Argyle Terrace 
Irvington 11, N. J 
Johns-Manville, Box 60 
a we 
Mica Insulator Co 
Mosinee laper 
Mosinee, Wis 
National Vulcanized 
ton 99. Del 
Natvar Corp., 207 
bridge N. J 
Spaulding Fibre Ce Ine 
N. ¥ 
Stevens Products Ine 
Orance, N. J 
West Virginia 
Park Ave 


& Vose Co., East Walpole 


Corp., 565 W 


New York 16 


Schenectady 1, N. ¥ 
Millis Co Dept EM 
Fibre Co Wilming 
Randolph Ave, Wood 
Tonawanda 
86 Main Fart 


Pulp and 
New 


Paper Co 2a 
York 17, N. ¥ 


PAPER. PHOTOGRAPHIC REPRO 
DUCTION 

Bruning ¢ Ir Charles 
Ave Chicago 41 rl 


4700 Monire 


PAPER, TRACING. See 


Film and Paper 


Tracing ( 


PARTS FEEDERS, SELECTIVE 


Syntron ¢ Homer City, Pa. (Vibrate 


PERMANENT 


Permanent 


MAGNETS. See Magne 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing 


American Brass ( 
Chase Brass & 
Conn 
Mallory & Co 
6. Ind 
M r M ie 
i’e I’re Ir 
‘ ‘ Kea f 
Revere Copper & ra t | 
Ave New York 
Riverside Metal ¢ 
Co Ir River 


Wire) 


Waterbury 20, Contr 
Copper Co Waterbury 2 


Ir , {ianapolls 


Park 


Porter 


ANL FACTURING 





SEE CELANESE... 


New Fibers for Electrical Uses 
ARNEL TRIACETATE 


TOP ELECTRICAL RESISTIVITY, resistance to mold, mildew and bacteria, 
plus low (3.2%) moisture regain and high endurance (retains 100% 
tenacity when exposed to 150°C for 50 hours) make Arnel a best buy. 
It actually costs you much less than other synthetics of similar 
properties. Specific resistivity in atmosphere of high humidity ts thou- 
sands of times that of acetate normally used because ot high electrical 
resistivity. /deal for pressure-sensilive tapes, insulation, wire covering 


or reinforcement for electrical laminates. 


FORTISAN-36 RAYON 


HEARING AIDS 


EXTREME DIMENSIONAL STABILITY against loads and atmospheric con- 
ditions is unique property offered by this fiber. Fortisan-36 is able to 
withstand extrusion coating temperatures without dimensional change. 
In 800 denier/800 filaments; 1600 denier, 1600 filaments. Regular 
FORTISAN is surpassed only by FORTISAN-36 in these properties, 
comes in low deniers from 30 to 300. Uses include tinsel core con- 
ductors, core wiring in electrical blankets— wherever strength without 


weight is required. 


ACETATE 


WIRE COVERS EXCEPTIONALLY HIGH ELECTRICAL RESISTIVITY and case of handling 


feature Celanese acetate. Available in very low twists, it provides 


excellent coverage. Finishing acetate with special transii oil results in 


| 


HN 


wv) 


high resistivity and a low corrosion index even under electrical stress, 
not obtainable through the use of customary finishing oils (finish 
also available on Arnel and FORTISAN). Jn wide use for wire wrap 
ping and electrical pressure-sensitive tape. (CELAPERM, new acetate 


fiber with color locked in, is ideal for identification murkers.) 


ll 


Write for free technical bulletins on the Celanese family of industrial fibers. 

Our representatives will be glad to talk over specific applications with you. 
Celanese Corporation of America, Industrial Sales Department, Textile Division, 
Charlotte, N. C. Branch offices: 180 Madison Ave., New York 16; Pilgrim Sq. 
Bldg., 9 Overwood Rd. at W. Market St., Akron 13, Ohio (telephone: TE 6-1046). 


— Ce ckawese 


Cetaneee® Arne!® Fortisan® Celaperm FIBERS FOR INDUSTRY 


READER INOLIBRY SERVICE CARDS, PRECEDING BACK COVER 379 





Sey tour Vi Aicobol 
Chloride 


i nhioarice 
E Vir idenechioride 
SYA/7 L2ON PHOTOELECTRIC CELLS ané TUBES inyitdenechioride | 


Bradley boratories, Inc., 168 Columbus inylidene Chioride 
Ave., New Haven 11, Conn 
General FAectr ‘ Electror s v 


4 
I oe ; aam — 5 ‘. Bak e Ce ‘ ¥. of Union Carbide & 
- — . : oo . vei » t ‘ Madison Ave.. New 
ole wee : EFHIMQUV) 


ort Tu Sarre ed Chemical & Dye 
rison : New York 4 N Y 
f America, 18 Madison 
k Y 
Plastics Div 627 Gree 
Vaterbur 2 Com ; N ork. N. ¥. (U) 
ect Co., | Apparatus I r Cort Midiand, Mich 5 
, Schenectady ‘. ¥ nt de Nemours & Co., (Ine B. I 
id ort 42 I ' Ave Chi p hemicals Dept Wilmingter ge 
4 4) ih ADGKLPR 
Westinghouse Elect Cor, Gateway Co Plastics Die Hooker Electr 
ter Bidg j 401 LAberty Ave ( “ K Rd 
Pitteburgh 22, Pa 2 ‘ y k Castir Resine 
Weston Electr Instrument Corp., 614 pee > "tos, tine 
Pedinahevsen Ave oa a j Kas mat - hemi al oducts, In Kings 
Genera Electric Co Chemical Div 
*laetl Ave., Pittsfield, Mass EFQS 
Glaet r 4323 Glenridge Rd., Cleve 
PINS, COTTER and LOCK. See Fasteners and 21, Ohio (Q 
Goodrich Chemical ¢ B. F Dept 
DK-3 Rose Bidg eveland 0 
PLASTICS, COLD MOLDED and INVW) 
INORGANIC Hee Cera ‘ 


PHOTOELECTRIC CONTROLS 


PILLOW BLOCKS. See Blocks, Pillow 


Houghton Laboratories, Ir 0 H 
Ave., Olea N. ¥Y \ 
PLASTICS MOLDERS EXTRUDERS Insulation Mar ufacturers Corp 565 W 
and FABRICATORS Washington Bivd ( hicago 4 Ly 
> . 1197 5 Minnesota Mining & Mfg. Ce Flectrica 
Products Co 117 N. Mats Brock Products Div 900 Fauquier Ave Bt 
Mass Paul 6. Mir 
an Insulator Cor ‘ew Freedom, : Chemical Co Plastics Div 
2, Mass. (CEFV 


neering ( . Geel . 


Piasti Co., 36-36 36th 
Lang Isla A . ‘ y \ % 
Aubur Manu tu OF Stack , 4 f 

Middletowr r : 


Barber-Colma , 1203 Rock 


Hockfor 


Penna 2120 Fairmont 
Pa Gor 
flex Corp Roseland, N. J. (P) 
Brothers, 80 N. Monticello Ave 
m, Willimantt i (CEJ 
Corp., Lafayette, Ind. (H 
acts erp 1024 N he er al Corp 50 W. Oth, New 
ago 51, fil ri NY. (U) 
Conolite Div., Wil t Gasket ¢ Camden 1, N. J P 
1’. S. Rubber Co., Rockefeller Center, New 
Div. of The ‘York 20, N. ¥ 
Del 
14th, Cleve 


ne Pa $424 Oakton. Morton PLASTICS, SHEETS, RODS and TUBES 


Assure dependability . . . . oan ae Aigeest Maries sprotegs. tes. Commie 


Harry 1428 =6N & Dielectrics Div., 155 Park, Elizabeth 
Chics towr a (Dielectric Sheets 
. e Kt a t Mint . I \ Chicago Molded F ot 
y0118 2717 WN Normandy Ave if 
Consistent Quality at Low Cost pints Cory Brel 6 BaP LX,, ep 
erie tor Cort , i Erie eveland Container Co 6201 Barbertor 
Cleveland 2, Ohio :Tubea) 
. : “er B14 in Grove Ave r ental Can Co., Conolite Div wi 
Syntron Selenium Rectifiers provide efficient, ont ti cee eb Wilcke Manis ee ai oe a 
economical a-c to d-c power conversion. Syntron’s , Gerheld. ent , c., Newark 18, De 
quality control process results in rectifiers of ex- ies ‘ a Div ort "0... ge Grove Ave 
treme uniformity and stability. Lightweight, yet ty yy ~*~ Fg ha 
rugged, they are constructed to withstand shock y turt Sucks Geieees. Se bee ae ae 
and vibration and adverse climatic conditions. Low Sane es al ilas ‘ Glenridge, Clevelar 


a4 


forward voltage drop means greater efficiency, soars, SF . a * Manufacturing 801 
extremely low aging—long life. Widest range of 


610 W 
sizes in the industry. onenety 1, N.Y. oni ied. Chi 
& Mfg Gurnee 
Sheet 
ls, Ohio 
Fibre Co Wilming 


laed Fibre Cc Wilming 


Other SYNTRON Equipment var Cony 
of proven dependable quality. 7% 2 ae 


207 Randolph Ave Wood 
20 ~Pairmer 


8 Mase 
Penna., 2120 Fairmont 


Sante Barbers 


Paper 
Piast! Prod 


PARTS FEEDERS sae ie ES. hen Benen 


seland, N. 3 
lake Melrose Park 

Provide automatic feeding and N. Monticello Ave ; so Ce.. Merristeme. Pe 

: ; 2 oR Ce $8 N. Pulaskt Rd 

orientation of parts at controlled Lafayette, Ind , 
Joseph 'T Chicage We y ort Gateway Ce 

rates—reduce handling costs and t se El omp., Gateway Cer 

‘ nawendsa 
increase production. Electromag — a 


netic—no wearing parts PLATINUM and PLATINUM PROD 
ucTs Mee «a 


. : ae 
Kiver Koad. Oaks, Pa t ewark 


Norristowr Pa 


jasket Co., Camden i, N. 3 
HEATING ELEMENTS é “ are art eee 
r Pa 
Flat thin strip design. Full PLASTICS — MOLDING, LAMINATING 
CASTING and EXTRUSION 


heat in a few seconds COMPOUNDS 


‘ Maximum heat contact 
EATON mel uniform distribution 


PLIERS and CUTTERS WIRE 
Klet ‘ s, Mathias, 7200 McCormick 


K ( ago 4 I 


Area 


Ce 


. . ‘ amine r — fet ‘ 
Write today for catalogue data—FREE yl Methacrytate 


lee 


PLUGS and JACKS, COMMUNICATION 
ton-Paz, Ine 
is. 


hicago 


Viny 


SPELL oe 
490 Lexington Ave. Homer City, Pa. a cieaiietes 


Acets 


Minn 


PLUGS and RECEPTACLES 
Alden Products ( 117 N. M 
r Mase 


320 
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Better Than One 


General Plate Composite Metals, made by joining 
two dissimilar metals together with an inseparable 
bond, offer many advantages not always possible in a 
single metal 

Consider CONFLEX a General Plate Composite 
Metal of hardenable steel faced on one or both sides 
with sheet copper. CONFLEX is a superior spring 
mcterial, yet it offers better electrical conductivity and 
greater strength at lower cost than comparable 
copper alloys. 

It can be easily formed before hardening then 
heat treated «0 the desired spring characteristic with 
greater uniformity. In mechanical springs, such as 
pen and pencil clips, the copper surface is excellent 
for electroplated finishes. 

CONFLEX is available in long length coils slit to 
desired widths for automatic machine feeding. All in 
all it offers many advantages in the manufacture of 
electrical and mechanical spring parts. 


PRECEDING BACK COVE! 


...and General Plate 


CONFLEX 


is a case in point 


Why not get acquainted with CONFLEX by sending 
for a free sample today? 

If you are looking for stronger or lighter metal 
components, with better electrical and mechanical 
properties and fewer corrosion problems, or if you 
are interested in conserving Critical metals or reduc 
ing parts costs, you should be investigating General 
Plate Composite Metals. Catalog PR-700 covering 
precious to base and base to base cladments 
TRUFLEX*® Thermostat Metals, composite electrical 
contacts, buttons and rivets, etc. sent free. Write for it! 


*Trade Mark of Metals & Controls Corporation 


You can profit by using 
General Plate Composite Metals! 


METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


46 FOREST STREET, ATTLEBORO, MASSACHUSETTS 





AGASTAT allows you to stag 


without imposing their load on the line 


The AGASTAT is * 


® light, versatile, 


. 
. 
10 minutes 


available 


in AC 


Staggered 
starting of 
electric 

motors... 


AGASTAT 


Time / Delay / Relay 


three 
tine 


the tarting of 


at the 


wer motors 


arihe 


electrically actuated, pneumatically timed 


dependable 


instantaneous rec ycling 


adjustable in timing from 0.1 second to more than 


or DC models which offer delays 


on energizing and de-energizing, manually-actuated 


time delay switch, remote push button control, her 


metically-sealed units 


Write our application 
your timing problem 


DIVISION 


engineers for help with 
Address Dept. A25-321 


Elastic Stop Nut Corporation 
of America 


1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 


motors 


choice of leading 


Don't gamble with the success 
of your product! By careful 
analysis and testing together 
with RAE engineers 
assure the right 
your needs 


you 
motor 


can 
for 


RAE offers outstanding serv 
we and quality in a large 
variety of motors in voltages 
up to 250, and up to 4 HP 
(higher for intermittent duty) 
with many gearhead motor 
combinations. Let show 
how these advanced mo 
tors, now in such big demand 
can improve your product 
and reduce your costs 


us 
vou 


Send for the ‘RAE’ service sheet. It 
will help you supply the data neces- 
sary for recommendations and prices 


» 


$82 


fractional horsepower 


at its 
finest! 


manufacturers 


AC/OC Universal 

DC Shunt Wound 

DC Series Wound 

DC Compound Wound 
Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 


Motors for Electronic Control 


Permonent Magnet Motors and 
Gearmotors 


Rae MOTOR CORP. 


2009 Kewaunee Street 
Racine, Wisconsin 


r ; 4633 W Var surer 
ago 44, Ii 
non Electric Dept 
uinbold los Angeles 3 
tantin & ( L. L 
‘. J 
Cornish Wire ¢ Ine 50 
York 7, } Y 
Crouse- Hinds 
freneral Kile ( 
rials D irl 
Hubbell Ine 
Cont 


Co., 500, 3209 
Calif 
Route 46. Ladi 


Churct New 
Syracuse 1, N. Y 

Constructior 
igeport 
Harvey 


Mate 


Cor 
Bridgeport 


22331 Becond Ave 


Cinch Mfg. Corp 


Sta ns 


tional 
ago 51 
Electri Pawt 
stromberg-Carleor 
Dynamics r 
Kochester 5 
Rubber Ce 
jew York 20, N 


Kostner Ave 
Chi 


Koval wket. KR. I 
Div f Genera 
7 Carisor RK 

wkefeller Center 


PLYWOOD, METALCLAD 


PORCELAIN. See Ceramics 


POSTS 


BINDING 
Chain Mfg. Ce 13 
Kridgeport Conn 


Superior Flectrie Ce 


Mountain Gr 


803 Middle, Brist« 


Com 


POTENTIOMETERS 
Allen-Bradley Co 
waukee 4, Wis 
Kourns Laboratories, 6135 
Kiverside, Calif 
Clarostat Mfg ¢ 
Delur-Ameco Corp 
lang Isler City 1 
Eastern Precision Resist 
Brook N. ¥ 
nnint & Co, Ir Go.M 
f 
mt Cort Di of 
nts, Ine Soutt 


Ree 
316 


also Kheostats 


Second, Mi 


Magnolia Ave 


Ine Dover. N. Hi 
45-01 Northern Bivd 
N.Y 


 Corp., 675 Bar 


Pasadena | 


Beckman Instru 
Pasadena, Calif 

Kesistance Co 401 N 
Hladeipth Pa 
ifacturing Co 261% 


ernationa 
od, Pb 

e Mar 
kie, I 

e Carb Ce? t 


a ff 


Howard 


Marys, Pa 


POTS and LADLES, MELTING 


ectr Co Apparatus 
ectady 5 N. ¥ 
Co., Danvers 2 


Sales 


Mase 


POWDERED METAL 


aiso) Bearings and 
Div f 


PRODUCTS. See 
Bushings; Contacts 


Chrysler Corp Detroit 


Electr 8249 
vuurgh 21, Pa 


Ine Pr. RB.» 


Frankstowr 


Indianapolis 


Radio 


Cores. Ir 9540 Tulley Ave., 
Lawn, Ill 


Iron Cores) 
tackpole Carbon Co, St 
ted States Graphite Co., 
Saginaw. Mich 
Yale & Towne 
lered Meta 
nt Ave 


Oak 


Pa 
Holland 


Marys 
162) 


Manufacturing 
Products Div., 
Franklin Park 


Pow 
Be! 


Co 
9335 
rl 


POWDERS. METAL 
Ha & Warman, #2 
a. © 
ew y Zine Ce 160 
Y Iira ir 


Fulton, New York 
Front, New 


nze, OCoppe 


POWER SUPPLY UNITS 


American Television & 
Paul 1, Miner 
leneer = Products 
Haven Clock & 
n, New Haver 
Doelcam Dis of 
Soldiers Field Rd 
Klectro Products 
N Ravenswood 
Fansteel 
ago, I 
Mallory & Co., Ine PR 
4. Ind 


Superior 


Radio Co a 


Co Div. of New 
Watch Co, 140 Hamil! 
Conn 

Minneapolis- Honeywell! 

Boston 35, Mass 

Laboratonies, Inc 450 
Ave Chicago 46. Ill 
Metallurgical Corp North Chi 


Indianapolis 


Electric Co., 808 Middle. Bristol 


Conr 


PRE-PLATED 
Brees, Copper 
Strip 
American Nickeloid Co 
Apollo Metal Works 

Chicago 38, I 


Electric Co.. 808 Middle 


METALS 


Aluminum 
Steel, Zine, 


Sheet and 


Peru 8, Tl 


6678 & Oak Part 


Bristol 


PRESSES. MOLDING. See Molding Me 


=. Piwati 


PRINT MACHINES 
ir « ( Ine 
Ave Chi 


Charlies 
ago 4 Th 


4700 Montrose 


PUMPS 


Allle-Chalmers 
Hendiz Aviation 
. N y 


Milwaukee 1, Wise 


Corp., Scintilla Div., Sid 


PUSH BUTTON STATIONS 
ey Co., 1316 8 
4 “w 


Chalmers 


Second. Mii 
Milwaukee 1, Wis 
w-Hart & Hegeman Electric Co 
Hawthorne Hartford 6, Conn 
at EFlectric Sales Corp 
Buren, Chicago 7, Ill 
Clark Controller Co 146 E 
Cleveland 10. Ohio 
Crouse-Hinds ¢ Syracuse 1, N. Y¥ 
General Electri Co Apparatus Sales 
Div Schenectady 5, N. Y¥ 
Micro Switch D Minneapolis-Honeywe! 
Kegulator Co., Freeport, [Li 
National Acme Co., 176 E. 
‘ 8 Oh 
Pyle-National ¢ 
‘ ago l I 
D Ce 4041 N 
kee Wis 
Stromberg -Carlso A Div of 
Dyna : I 7 
Hochester 3 y 
Ward Leonard ectri ( 
Mount Verr y 
We ctrie Corp 
ter 1 N : 401 
P re > 


108 
1033 W 


Van 


152na 


13ist, Cleve 


1388 N. Kostner Ave 


Square Richards, Milwau 
Genera) 
Carison Rd 

600 South 
Gateway Cen 
Liberty A¥ 


PYROMETERS 


Assemt Products 
a 

Krist ut I 20 
AGilia I 1 Westor 
Electrical Instrument Corg 614 Fre 

nehuysen Ave Newark 5, N. J 

Thermo Flectric Co 109 Fifth. Saddle 
Kiver Township, Rochelle Park Post 
Office, J 


y 


Chesteria 


Cone 


Inetr 


103 Rock 


ment 


Div Barher Colmar 
Rockford. Il 


REACTORS See Transformers 


RECORDER COMPONENTS, MAGNET 


IC. Bee Instruments 


RECORDERS, COMPUTER 


ments, Electronic 


see Inetru 


RECORDERS 
Inetr 


GRAPHIC 


see iments 


RECORDERS 


Brush 
Cleveland 14 
Banborn Ce Ir 
husetts Ave 


OSCILLOGRAPHIC 
Electronica Co., 3405 
Ohio 
justrial Div., 195 Masses 
Cambridge 39. Mass 


Perkins Ave 


RECTIFIERS, SEMICONDUCTOR 


Acme Electric ¢ Cuba, N. ¥ 
Automat Flectri Sales Corp., 
Van Buren, Chicago 7, Ill 
Bradiey Laboratories, Ir 168 
Ave New Haven 11, Conn 

& Copper Oxide 
Fansteel Metallurgical Corp 
Div North Chicag I (Selenium) 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegreph 
Cort 100 Kingsland Rd, Clifton, N. J 
General Electric Co., Apparatus Sales Div 
Schenectady 5, N Y Selenium, Cop 
Oxide. Industrial Germanium) 
General Electric Co Electroni:s Dts 
Electronics Park, Syracuse 1, N. Y 
(Germanium Diode) 
International Rectifier 
Grand Ave., Fi 
tum) 
International Resistance Co 
Philadelphia 8, Pa 
Mallory & Co In P Indianapolis 
4. Ind Magnesium-Copper Sulphide) 
Ratio Rerentor Co Ine Remiconductor 
ie i Wyt Ave., Brook L1L.N. Y¥ 
Germanium Diode Selenium) 
Raytheon Manufacturing Co Semicon duc 
tor Div 55 Chapel, Newton 58 Mass 
Sarkes Tarzian, Inc Rectifier Div Dept 
M-3, 415 N. College Ave Bloomington 
Ind 
Sel Rex Precious Metals, In 
N. J 
Byntron Ce 
Ther Electri 
Jefferson 
Transitror 


orp 
1033 W 


Columbue 
(Selenium 


Rectifier 


per 


Corp 21 
Segundo, Calif Selen 


401 N. Broad 


Belleville 


Homer City 
& Machine 
Chicago 6, Ill 
Flectront Corp 

Bilicor 

Switch & Signal 

house Alr Brake Co 

Pa Selenium) 
Westinghouse Electric 
ter Bldg. No. 3 
Pittsburgh 22, Pa 


Pa 

Works 11A 6 
(Selenium) 
Melrose 76 


Div Westing 
Pittsburgh 18 


Gateway Cen 
Liberty Ave 


Cerp 
401 


RECTIFIERS 


Allis-Chalmers 
Amperite ¢ 
York 
Electrons 
8. N. J 
General Electric Co 
Div. Schenectady 5, N 
Radio Corp. of America 

risor N. J 
Raytheon Manufacturing Co Semiconduec 
tor Div 55 Chapel, Newton 58, Mass 
Westinghouse Electric Corp., Gateway Cen 
er, Bidg. % 3, 401 Liberty Ave 
Pittsburgh 22. Pa 


TUBE TYPE 


Milwaukee 1. W 
Ine 561 Broadway 
New York 

Inc 127 Suseex 


New 
Ave Newark 
Apparstus§ Sales 


Tube Div., Har 


REGULATORS, MOTOR SPEED 


Controllers, Motor 


REGULATORS, 


Thermostats 


TEMPERATURE 


REGULATORS, 


Transformers 


VOLTAGE See 
Variable- Voltage 


Acme Electric Corp Cubs, N.Y 
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& 


RESISTS 
"FREON'®* 


HIGH DIELECTRIC“! 
STRENGTH 


RESISTS ~~ 


OILS AND 
SOLVENTS 


THERMALLY STABLE A 


Superior electrical insulation at modest cost 
from “Lecton””™ acrylic resin coated glass fabrics 


Developed specifically for electrical in 
sulation use, Du Pont “Lecton’’ acrylic 
resin coated glass fabrics offer superior 
performance at moderate cost. “‘Lecton” 
resists solvents, oils and “Freon”’ refrig 
erants—can be used for extended periods 
up to 300° F. High humidity does not 
affect the dielectric properties of this new 


Du Pont coated fabric. 


So new it is still only in limited pro 


duction, ““Lecton” can be produced in 
single-ply materials, as tape or multiple 
ply laminates in a wide range of thick 
nesses. In addition to glass-fabric con 
struction, ““Lecton’’ is made with vari 
ous synthetic-fiber fabrics. If you need 
insulation for refrigeration applications 


or where high performance at modest 


* Freon” is Du Por 


cost 1s required, it may pay you to in 
vestigate the properties of ‘“Lecton”’ 
acrylic resin coated fabrics, 

Fill out and mail the coupon for com- 
plete data on this new coated fabric. If 
you rea manufacturer of electrical equip 
ment, we'll send you samples of single- 
ply material for your evaluation. It’s 
free—mail the coupon today 


red trademark for its fluorinated hydrocarbon refrigerants 


ered trademark for its acrylic resin coated glass fabrics 


DU PONT INDUSTRIAL 
COATED FABRICS 


Division, Dept. E-66, Wilmington 9% De 


Vlease send me your bulletin on the properties of “Lecton” acrylic 
resin coated glass fabrics 


Please send me a sample of ‘‘Lecton" for my evaluation 
Name Position 
Fur m 


Address 


. 


‘ity State 
BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


eae 


KEADEK INOULIRY SERVICE CARDS. PRECEDING BACK COVER 





Write 
for 
Catalog 
K-1 


Electronically timed heat cycle 


... for perfect “ soldering 


cua» 
Cleciionic MICROBRAZER 


@ Accurate, timed heat pulse 
@ Eliminates overheating 
cold joints 
Reduces rejects and trouble 
shooting 
Silver soldering to 1250 
Automatic operation for 
assembly lines 


FREE DEMONSTRATION—IN YOUR PLANT 
Department DE-3 


PALNUT 
LOCK NUTS 


PALNUT 
SOCKET WRENCHES 


PLUS 


oe Bw 


RESULT: Vibration-proof assemblies, with 
big savings in assembly time and cost 


Specially -designed PALNUT magnetized socket 
wrenches and shanks for all standard power and 
manual tools, permit picking up, starting and 
tightening in one high speed operation. No fum- 
bling with hand starting. Fast, uniform tightening. 


VU 


LOCK NUTS 


WRITE FOR CATALOG and folder 
showing PALNUT assembly methods 


THE PALNUT CO. 


Subsidiary of United.Carr Fastener Corporation 
66 Glen Road, Mountainside, N. J. 
to Canada: P.L. Robertson Co., Ltd., Milton, Ont 


‘ 


is-Chaimers, Milwaukee 1, Wis 

Amperite Co Inc., 561 Broadway, New 
York 12, New York 

Curtiss-Wright Corp., Carlstadt, N. J 


(ieneral Electri Co., Apperatus Sales 
D Schenectady 5, N 


K-BM Div 
port, Ind 

Bolsa Electric Co 4633 W 16 
”, 1 

Superior Eiectric Co 
Conn 

Westinghouse Electric Corp 
er, Bidg No. 3, 401 

sburgh 22, Pa 


Eesex Wire Corp., Legans 


Chicage 
403 Middle, Bristol, 


Gateway Cen- 
Liberty Ave., 


RELAYS and CONTACTORS 


‘GA Div. of Elastic Stop Nut Corp 
# Americs, 1027 Newark Ave., Biliss- 
beth 8, N. J 

‘dame & Westlake Co, 
Mercury) 

Advance HKelay, Electronics 
National Watch Co., 
Veomi, Burbank, Calif 

AEMCO. Inc., 60 Btate, Mankato, Minn 

Allen-Bradley ©o., 1816 8. Secend, Mil- 
waukee 4. Wis 

Allied Control Ce., Ine., 2 Bast End Ave 
New York 21, N. ¥ 

Allla-Chalmers, Milwaukee 1. Wis 

Amperite Co Inc., 561 Broadway, New 
York 12 N Y (Delay Thermostatic 
Metal Bulb Type) 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Cenn 

Sesembly Products, Inc., Chesterland 14 
Ohle 

Automatic Electric Sales Cearp., 1088 W 
Van Buren, Chicage 7, Ill 

Switch Co., 393 Lakeside Ave 
Orange, N. J 

i er an Ce Dept. F, 1208 Rock, 
Rockford, Ill 

ristol Co Waterbury 20, Conn 

Clare & Co, C. P., $101 Pratt Blvd, 


Chicago 45. Il 
Comar Electric Co., 8349 W. Addison, 
Cramer Co, Inc., R. W., Boz 8, Center- 


Elkhart, Ind 


Diyv., 


Elgin 
2435-M 


North 


Automati 


Chicago 18, Il 
brook, Conn 
Curtiss-Wright 
Time De ) 
tler-Hame Inc., 1264 Bt. Paul Ave 
Whe 
Elkhart, Ind. (Mercury) 
ts Co. of America, 5085 N 
Chicago , Ill 
Electronics Corp., 212-29 Jamaica 
Ave Queens Village 28, N. Y 
Edison, In Thomas A., Instrument Div 
Dept. ¢ West Orange, N. J 
Vederal Telephone aud Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland h4., “liften, N. J 
Filtore, Inc 40 Sagamore Hill Dr., Pert 
Washington, L. L., N. ¥ 
Five Star Co., Plants Place, Planteville 
Conn 
G-V Controle Ine 7 
Kast Orange, N. J 
General Controls Co., 801 
Glendale 1, Calif 
(jeneral Electri io Apparatus 
dD Behenectady By 
Guardian Bleectri« 1627-G W Walnut 
Chicago 12, Il 
Haydon Co A W 
bury 20, Conr 
Haydon Mfg. Co., Inc., 
ringtor Conr 
Heinemann Electric Co., 99 Plum, Trenton 
2 N J Time delay) 
Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago % TM (Magnetic 


Impulse) 


Corp., Carlstadt, N. J 


Ebert 


Hollywood Plaza 


Allen Are 


Bales 


234 N. Elm, Water 


2529 Elm, Tor 


Leach Cort Leach Relay Div., 5915 Ava 


on Bivd las Angeles 3, Calif 

Magnecraf ectric Cx , ' 
Ave 

Mer 

cago 4) 

North Electric Co 
Onto 

Ohmite Manufacturing Co 
Skokie, Il 

Phillips Contrel Corp A Sub. of Thor 
ort 59 W. Washington, Joliet, MN 

Potter & Brumfield Mfg. Co Inc Bub 
f American Machine & Foundry Ce 
etor Ind 


587 8. Market, Galior 


3618 Howard 


1500 Chur Frede 


ex Wire Corp Logan 
Relay Sales, I P.O. Box 186B, West 
Chicago, I 
Square D Co., 4041 N 
o 12, Wis 
anberg -Oarlson A Div a 


Richards, Milwavu 


Genera) 
Carlson Rd 


ynamics Corr 117 
hester 8, N. Y 
Switch & Signal Div 
Brake Co Pittsburah 18 Pa 
Leonard Electric Co., 600 South 

Vernon, N. Y 
house Electric Cerp 
sidg No. 8 40) 

rgh 2 Pa 

Electrical Instrument Corp.. @14 
rhuyeen Ave, Newark 5. N. JZ 

Signals In Rranchport 

Long Branch, N. J 

ectr Co,, 152 W 
0, In 


Westinghwee 


Gateway Cen 
lAberty Ave 


Walton, Chi 


REMOTE CONTROLS. See Push Buttor 
St Relays and Contactors 
witches: Controle, Pressure & Tempera 


ations 


ture 


RESINS. INSULATING. See Varnishes 
Compounds and Resins 


RESISTANCE ALLOYS 


Driver Co., Wilbur B., 150 Riverside Ave 
ewark 4. N. J 


er-Harris 


Harrison, N. J 


JUNE 1956 ELECTRICAI 


RESISTANCE HEATING UWMITS. See 
Heating Elements and Units 
RESISTANLE LINE CORDS 


General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 


RESISTANCE WIRE. Bee Wire 
ance. 


Resist 


RESISTORS, INSTRUMENT and RADIO 


Aerovox Corp., New Bedford, Mass. 

Allen-Bradley Co.. 1316 8. Becond, Mil 
waukee 4, Wis 

Amperite Co, Inc., 56] Broadway, New 
York 12, N. Y¥. (Bulb Type) 

Centralab, Div. of Globe-Union, Ine 
062F E. Keefe Ave., Milwaukee 1, Wis 

Clarostat Mfg. Co.. Inc., Dover, N. H 

Dale Products Inc., 1306 28th Ave., Colum 
bus, Nebraska 

Eastern Precision Resister Oo., 675 Bar 
bey, Brooklyn 7, N. ¥ 

Erie Resistor Corp., Electronics Div., Brie, 
Pa. 

Oieneo Corp., Guiton Industries, Ins., 212 
Durham Ave., Metuchen, N. J 

Hardwick, Hindle, Inc., 40 Hermon, New 
ark 5. N. J 

Hycor Div. of 
Co., 12970 
Callf 

International Resistance Co 401 N 
Broad, Philadelphia 4%, Pa 

Mallory & Co., Inc., P. BR 
6, Ind 

Onmite Mfg. Co., 3613 Howard 
I! 


International 
Bradley Ave 


Resistance 
Syimar 18, 


Indianapoites 
Skokie 


Radio Corp. of America, Tube Div., Har 
rison, } i 

Resistance Products Co., 914 8. 138th, 
Harrisburg, Pa 

Sprague Electrie Co., 307 Marshall 
Adams, Mass 

Square D Co., 4041 N. Richards, Milwau 


kee 13, Whe 
Stackpole Carbon Co.. ™. Marys, Ps 
Telex, Inc., Telex Park, St. Paul 1, Minn 
Tru-Ohm Products. Div. of Model Engi 

neering & Mfg¢., i. N. Milwau 
18, ° 


kee Ave, Chic 
flectric Co., 


North 


Ward Leonard 
Mount Vernon, N. Y 

Weston Electrical Instrument Corp 614 
Frelinghuysen Ave., Newark 56. N. J 


600 South 


RESISTORS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8. Second, Mii 
ukee 4, Wis 

Dale Products Inc 1306 28th Ave. 
Columbus, Nebraska 

Erie Resistor Corp 
Erie, Pa 

General Electric Co 
Dir Schenectady 5 

Hardwick, Hindle, Inc., 40 Hermon, New 
ark 5, N. J 

International Resistance Co., 401 WN 
Broad, Philadeiphis 8, Pa 

Mallory & Co., Inc P. R., Indianapolis 
6, Ind 

Ohmite Mfg. Co., 3618 Howard, Skokie 
mi 

Sprague Electric Co., 307 Marshall, Worth 
Adams, Mass 

Tru-Ohm Products, Div., of Medel a 
neering & Mfg. Co., Inc., 2800 N 1 
waukee Ave., Chicago 18, ITIL 

Ward Leonard Electric Co 600 South 
Mount Vernon, N. Y 


Electronics Div 


pagpeains Bales 
“NY 


RESOLVERS. See Servomechanisme 


RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 8. Second, Mi) 
waukee 4, Wis 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y¥. (Bulb Type) 

Clarostat Mfg. Co., Inc Dover, N. H 
DeJur-Amsco Corp., 45-01 Nerthera Blvd 
Long Island City 1. N. Y 

Hardwick, Hindle, Ine., 40 Hermon, New 
ark 5, N. J 

Mallory & Co., Inc., P. R., 
6. Ind 

Ohmite Mfg. Oc., 3618 Howard 
Tl 

Rex Rheostat Co., Baldwin, N. Y 
Tru-Ohm Products, Div. of Model Bngi- 
neering & Mfg., Inc., 2800 N. Milwau 
kee Ave, Chicage 18, Tl. 

Ward Leonard Electric Co., 
Mount Vernon, N. Y 


Indianapolis 


Skonte 


408 South, 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1816 8. Second, Mil 
waukee 4. Wis 
Clarostat Mfg. Co., Ine., Dover, N. H 
DeJur-Amsco Corp., 45-01 Northern Bivé., 
Long Island City 1, N. Y 
General Electrie Co., Apparatus 
Div Schenectady 5, N. Y 
Hardwick, Hindle, Inc., 40 Hermon, New- 
ark 5, N. J 
National Electrie Controller Co rere 
Glenwood Ave... Chicago 26, I! 
Ohmite Mfg. Co., 3618 Howard, Skokie, 
mM 
Rex Rheostat Co., Baldwin, N. ¥ 
Superior Electric Co., 808 Middle, Bristel, 


Conn 

Tru-Ohm Products, Div. of Model Engi- 
neering & Mfg., Inc., 2800 N. Milwss- 
kee Ave., Chicago 18, Ill 

Ward Leonard Blectric Co, 606 South 
Mount Vernon, N. ¥ 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 8, 401 Liberty Ave, 
Pitteburgh 22, Pa 


Bales 


RINGS, COLLECTOR 


Baker & Co., Inc., 113 Aster, Newark 5, 
N. J. (Precious Meta! 

Electr Tee Corp 4 Bouth 
Hackensack, N. J 


Romanefi, 


MANUFACTURING 





GARFIELD MOLDED PARTS PER UNIT 


| MATER AL 
+ 
h Bose Impact Phencdic 
Impact Phenoli« 


Garheld Hemit 


Garfield Engineers welcome inquiries regarding 
projects involving use of heat resisting materials. 
GARFIELD MANUFACTURING 
COMPANY 
20 RIVER ROAD, GARFIELD, N. J. 


UC COE Cer EN LTH 


es 


: BALDWIN, Lf. N.Y. 


(aml 


=i Zé TET | s , 
ay) aes Ce 


FOR IMME 


ll  MULTI-CIRCUIT 
PUSH-BUTTON 


ape 
sy, SWITCHES 
| 2, 3, 4, 5 or 6-button 
; ona totally enclosed switches 
J 


with a variety of circuit 


TUBULAR RHEOSTATS , oo sequences. Up to 5 inde os 
po 
pendent load circuits, 
Li llahdedllbedaba el single or double pole, AC SERIES 


Ratings: Up to 20 amp, RBS 
120-240 v; 1% hp, 120 - 
v; 2 hp, 240 v. UNDERWRITER'S LABORATORIES 


APPROVED 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 1 BI-METAL THERMOSTATS 


Merely push the terminal on the base SY . SERIES Single pole, 2-terminal 
stud, and it snaps into place making , — thermostats ao 
*,* . . pera vre range 
a positive electrical connection. To . 800 F. Rating: 120 o 
remove just pull it off; no screws to 7 240 v, 15 amps. Avail 


bother with, no springs to bruise fin- ' able with a wide variety 
gers. of push-on and screw 
type terminal mounting 


Write for descriptive folder ‘ arrangements 


THE RAJAH COMPANY FOR DETAILS, WRITE DEPT. Em-66 


35 VERONA AVE., NEWARK, N. J C. D. WOOD ELECTRICAL SPECIALTIES CORP. 
33-00 Northern Boulevard Long Island City 1, N. Y¥. 


READE! YOU! i CE CARI k SACK COVE! 3a5 





For Electrical Equipment 


On timing devices, variacs, rheostats, knife 
switches, circuit breakers these are just a few 
of the electrical devices on which MOLYKOTE dry 
lubricant does an outstanding job 


Apply it wherever conventional lubricants tend 
to gather dust or gummy; to reduce 
wear, seizing, galling and fretting; and depend on it 
to function perfectly at extremely high or low tem 
peratures 
the entire 


becom« use if 


In many cases one application has lasted 
lifetume of the equipment 
Send for detailed information today 


Information on MOLYKOTE 
Sweet's Product Design File, 


Lubriconts 
195° 
5, 


also oppeors in 
Section C 


7he ALPHA MOLYKOTE @orforation 


65 Harvard Avenue * Stamford, Connecticut 


t 
Wit 


SPECIALISTS IN DESIGNING AND MANUFACTURING OP ALI 
PURPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUCF 
OVER 1,000 STYLES IN ANY SCREW SIZE, MATERIAL. PINISH 
QUANTITY, OR TO YOUR SPECIFICATIONS 


SERVING INDUSTRY FOR THIRTY FIVE YEARS 


Bulletins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES * STAMPINGS * SPADE BOLTS 


19136 WEST HUBBARD STREET, CHICAGO 22, 1LLINO'S 


159 Nepper 
Hartford 


1750 W 


Electrone Tots Midwest 
ling & Mfg Co Gurnee 06, I 


RINGS, RETAINERS and SNAP 


os - ‘She 
ree K., P 


RIVETS e Fasteners 


RIVET SETTING MACHINES 


Kivet & Machine Co oo W 
Bivd Bellwood, 1! 


Hivet & Machine ¢ Milford 


ROLLER 
& Koller 


BEARINGS. See 


Bearings, Ba 


RUBBER and RUBBER PRODUCTS 


Weeterr 
Ogden Ave 


Product PD 
4129 W 
(Silicone 

turing Co 06 

Mr Co 1301 
I Silicone 
Midland, Mich 


Stack 


Elstor 


Prod 


Haver Conr 
Northfield Rad 


kefeller Center 


Y 


SAWS. COMMUTATOR. See © 


tawe & Slotters 


mmutator 


SCRAPER 
& Snap 


RINGS. See Rings, Retainer 


DRIVERS 


Portable 


SCREW PORTABLE Bee 


SCREW MACHINE PRODUCTS. See also 
Fiber P 


America, Aleoa Bldg 


Waterbury 29 
Co Milford 


18iet. Cleve 


SCREWS. See Fasteners 

SEALING COMPOUNDS. See 
Insulating & Sealing 
ounds 


Cemente 


Wares & Com 


SEALS and TERMINALS 


Corr 


HERMETIC 


Lava Chattanooga 5 


I Route 46, Lodi 


rie ‘4 Sur r A 


anor 
; om 
Ceramics Cort K eashey N J 
Flectr Co Anparatus Sales 
Schenectady N ¥. (Glass Bue 


Fernview Ave Cr 


eal Co. In 1010 Matin, Filkhart 
Seal Products Ce 48 8. Ath 
, «@. 2 
nal Restatance Ce 
adeiphia &, Pa 


401 N. Broad 


SEALS 


Crane 


MECHANICAL. 
Packing © 
Orowe, TH 
Gariock Packing Ca 


Shaft 
Mortor 


Rotary 
6424 Oakton 


Palmyra _ v 


SEALS. OIL and GREASE 


a ng Rawhide Mfe. Co 1301 
¢. Chicago 22. Ill 

Brose Ma. Co a4o0 8 
Chicago 238 1 

ntron (« Homer City, Pa 

8. Gasket Co.. Camden 1, N. J 


Elston 


K Ilbourne 


SELENIUM RECTIFIERS. See Rectifiers 


Semiconductor 


SEMICONDUCTOR PRODUCTS. Ree 
Rectifiers Semiconductor; Transistors 


at Crystal Diodes 


SERVOMECHANISMS 
hros, ete 


(Controls, Syn 
Also see Motors 
Waterbury 20, Cons 


Bristol ¢ 


JUNE 19% 


n Precision Products Co., Inc., Clif 
Heights. Pa 
ehl Manufacturing Co Electrical Div 
f The Singer Manufacturing Co., Somer 
le, N. J 
am Dir of Minneapolis-Honeywell 
Soldiers Field Rd joston 35, Maas 
Ford Instrument Co 31-10 Thompson 
Ave Long Island City, N. Y 
G-M Laboratories Inc 433 N 
Are., Chicago 4 rl 


Oster Manufa 


Knox 


turing Ce John, Racine 

Ce Div. of Electro- Devices 

twin Ave., Paterson 1, N. J 

Tranet Corp Germantowr Pike @ 
Quarryba Ra Fairview Village, Pa 


SHAFTS, FLEXIBLE 


t S Gasket ¢ Camden 1 N J 
SHEAVES. See Drives, Belt 


SHEET METAL FABRICATORS 


1}? N. Main, Brock 
Ottawa Ave N.W 
Mict 


ering Cort 


Dept. EM-45 
Terminal and Pull Boxes 
Manufacturing Co 312° 

nati 9. Ohi 

wts Cort 82-48 49th 
ty N. ¥ 


SHEETS 


trica 


ELECTRICAL. See Steel, Elec 


SHIELDING 
ng Ir 


ide 


ROOMS 


Dept M-1 
J 


SIGNAL DEVICES 

Crouse-Hinds Ce ' ue 1, N. Y 

Pyle National Co 3 Kostner Ave 
Chicag Ml 

Wheelock Signals, In 73 
Ave Long Branet N. J 


Branchport 


SIGNAL LIGHT 
Lights, Pilot and 


ASSEMBLIES Mee 
Indicator 


SILICON DIODES. See 


Crystal Diodes 


Transistors and 


SILICONES 


Auburn Manufacturing Co., 
Middletown. Conn 
Continental-Diamond Fibre Div 
Budd Co., In Newark 13, Del 
Dow Corning Corp Midland, Mich 
Formica Co., 4614 Spring Grove Ave 
Cincinnatl 3 Ohio 
General Electric Co 
Plastics Ave Pittsfield, Mass 
I tiation Manufacturer Corp 565 W 
Vashington Bivd., Chicago 6, I 
tional Vuleanized Fibre Co., Wilming 
ton 09 Del 
ar Corp 207 
N. J 
ms Products Ine 
Orange N J 
Taylor Fibre Co 
Union Carbide & 
I 0 EB. 42nd 


806 Stack 


of The 


Chemical Div 


Randolph Ave., Wood 


86 Main, East 
Norristown, Pa 
Carbon Corp., Silicones 
New York 17, N.Y 


SILVER and SILVER ALLOYS. See \iso 
ontacte & Contact Points. For Solder 
see Brazing Alloys, Silver 


Baker & Co., Inc., 113 Astor, Newark 6, 
N. J 

Krainin Co Cc. & 
Vernon, N Y 

Fansteel Metallurgical Corp., 
ago, Ill 

(reneral Tiate Div 
Cort 48 Forest, Attleboro, Mass 

Graphite Metallizing Corp 1059 Nepper- 
an Ave Yonkers 3. N. Y¥ 

Handy & Harmar R2 Fultor 
ee 

Mallory & Co., Ir PKR 
6. Ind 

Ney (e I. M 71 Elm 
Conr 

Se} Rex Precious Metals, Inc., 


vd 


318 Washington, Mt 
North Chi 
Metals and Control 
New York 
Indianapolls 
Hartford 1 
Belleville 


SLEEVE BEARINGS 
Bushings 


See Bearings end 


SLEEVING 


Sleeving 


SATURATED 
Braided Fabric 


See Tubing & 


SLEEVING 
Insulation Manufacturers Corp 
Washington Bivd., Chicago 6, M1 
Johns Manville Box 60, New York 16 
ea 
Raybestos-Manhattar Ir 
ucts Div., Manhein Pa 


and TAPE, ASBESTOS 


45 W 


Plastic Prod 


SLIDE ASSEMBLIES 


Radio Frequency Laboratories, Ine., 
ton 9. N. J 


Boon 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N. J 


SLIP RINGS. See Rings, Collector 
SLOT INSULATION 
ng: Mica; Paper 
Sleeving Braided 


See Fabric, Insulat 
Insulating; Tubing & 
Fabric 


SLOTTERS, MICA. See Commutater Saws 


and Slotters 


SOCKET SCREW KEYS and 
WRENCHES 

Allen Manufacturing Co 133 
Hartford 5, Conn 


Sheidon 


FIEC TRIAS {ANU FACTURING 





@ 


20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 


SPURS e HELICALS . WORM AND WORM GEARS 
STRAIGHT BEVELS . LEAD SCREWS e RATCHETS 
CLUSTER GEARS @ RACKS @ INTERNALS @® ODD SHAPES 


THE Yoeese” FD 


GEARS 


ay 2 


‘Beaver 


1035 PARMELE ST. 


GesT Awo FASTEST 
WAY | 


Write” Today For 
Complete Details 


WASSCO ELECTRIC PRODUCTS CORP. 


126 West Cass Street, Joliet, Ilinois 


Identify Wires Permanently 


Easy to apply, replaces obsolete string 
and paper identification methods. 


* Aluminum steel, brass 
or zinc 

* Big variety, all styles 
and sizes 

« For aircroft, radio, 
telephone, motor and 
generator manufacture, 
etc 

Free Samples and 
Literature Upen Request 


NATIONAL BAND & TAG CO., Dept. 9-64, Newport, Ky. 


Now! End Cord and 
Cable sonurpe here 


RIPMASTER 


\ STRAIN 
RELIEFS 


| 


© Permanently anchor 
exterior conductors 
Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 

anchor cords and cables at point of 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 

your cord and cable failures PERMANENTLY 

wherever exterior conductors supply the i 

power! Underwriters accepted. 

v 

FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


SS Slight pressure permanently positions : 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 


cable circumference 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 


GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 
cord ends, Specially treat- 
ed rubber tubes available 

in 5 wire sizes to .790, 






















ad 


GET FAST RESPONSE FROM 
FASHY REMOVABLE T-E 
BAYONET THERMOCOUPLES 





T-E's bayonet thermocouples are easily 


installed a simple twist of the 









bayonet-lock cap removes the 
couple. Response is fast and ac 
curate — direct, spring-loaded hot 


contacts 
16" O.D 
tubes, or 
1/16" and 1/8" 


Ceramo 


junction are silver tip 


ped with 3 


protec 


tion welded with 


O.D. en 











closed construction 











They have many applications—a 


ss i bb a ba 





variety of adapter types and sizes, 
and different T/C immersion lengths 


provide the right combination for each 





ee REVEAL ARaseeeresaseRRRaVessssss 


Seeeasae 


installation Varying adapter length 





permits use of one thermocouple at dif 





ferent depths. All probes and adapters are 


of Stainless Steel. Available with lron-Con 








stantan, Copper-Constantan or Chromel-Alumel 


elements 






Write for Bulletin 2—WN 


Thermo Electric @ 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 






Tee TSE SS) bt 





SUB-MINIATURE 
WITCH 


@ 5 amperes 
125/250v. a-c 


@ 4 amperes 
30 v. d-c 





ACTUAL 


UNIMAX type USM 


This compact, single-pole double-throw, snap- 


SIZE 


acting switch is built for easy wiring in miniaturized 
apparatus. Its sturdy, phenolic case is 25 32x 23/64 
x “% inch, with sturdy, standard flat terminals widely 
spaced for rapid wiring and easy soldering. Avail- 


able in plain or leaf-actuator styles. 
Free detailed data sheet on request. 


UNIMAX SWITCH 


PTT eri: été y ¥/Q42404 if2 ee ery 


ea 


IVES ROAD, WALLINGFORD, CONNECTICUT 


S388 











Waterbury 26 
lard Presse 


Pa 


Cons 


Steel Co., Jenkintown 8 


SOCKETS and ADAPTERS, RADIO. See 
Piugse & Heceptacies 


SOCKETS end RECEPTACLES, LAMP 


Arrow-Hart & Hegeman Electric Co 103 





Hawthorne, Hartford 6, Conn 

Automatic Electric Sales Corp., 1033 W 

Buren, Chicago 7, Il 

Dialigt Cort 44 Btewart Ave Brook 
lyn 837, N. Y 

Drake Manufacturing Co., 1711 W. Hub 
bard, Chicago 22, Il 

General Electric Ce., Construction Mate 





Bridgeport 2, Con 





lex Manufacturing Co., Inc 2610 W 
6th. Chicago #, I 
Pass & Sey r, I Solvay Station, Syra 
cuse 9, N. ¥ 
I B. Gasket Ce Camden 1, N. J 


SOCKETS, FLUORESCENT. See Fiuores 
cent Lamp Aurxillaries 


SOCKETS, VACUUM TUBE 
Amphenol Electronics Corp., 
Ave Chicago 50, I 


1830 8. 54 


Mandex Manufacturing Co., Inc., 2610 W 
6u Chicag &. il 
fycalex Cort of America, Clifton Blvd 
Clifton, N. J 
B. Gasket Ce Camden 1, N. J 
SOCKET SCREWS. See Fasteners 
SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 
Chase Brass & Copper Co., Waterbury 20 
Conn 
Kasex Wire Corp Magnet Wire Div 
Fort Wayne 6, Ind 
General Electric Co Chemical Div., 1 
Piastice Ave Pittsfield, Mase 
Handy & Harman, 82 Fulton, New York 
8, N. Y 
Kester Solder Cc 4200 Wrightwood Ave 
Chicago 39, I 
itional Lead Ce lll Broadway, New 
York 6 N. Y 
SOLDERING EQUIPMEN;, 
(irons, Machines, ete.) 
General Electrie Co., .pparatus§ Sales 
Div Schenectady 5, N. Y 
Ideal Industrie In 1008 Park Ave 
Sycamore, I 
a Electric Equipment Co., P.O. Boz 
12-EM, Toledc Ohi 
an Electric ¢ Danvers 2, Maes 
Vaseco Klectri Products Co., 126 W 


Cass, Joliet, I 


phyr Manufacturing Co., Ine., 201 N 


Hindry Ave Inglewood, Calif 
SOLDERLESS CONNECTORS. See Con 
ors, Wire & Cable 
SOLDER PRE-FORMS. Also see Brazing 
A ye Silver 
Har & Harmar 32 Fulton, New York 
+ N Y 
er er ¢ 4209 Wrightwood Ave 


SOLDER. SELF-FLUXING 








For Silver Solders, See Brazing Alloys 
Kester 8 er ¢ 4209 Wrightweed Ave 
‘ “0 li 
Na ‘ Lead ¢ I Broadway New 
Yor t p Y 
SOLENOIDS 
Alle Hradiey ¢ ] S. Second, Mil 
“ kee 4 W 
at Electr Sales Corp 1033 W 
Va Buren, Chicago th 
A Switch ¢ 303 Lakeside Ave 
Orange, N. J 
Ca b tri Co Dept 500. 38209 
H 1 Lae Angeles Callf 
Electr ‘ 19 OW Addison 
cr aK sil 
Co ‘ ~ America Soreng Div 
8 g Ave., Schiller Park ] 
re ( ( 425 Hilton Ra De 
M tet 
Five Star ¢ Plante Place Planteville 
( , 
General 1} ‘ sratue Sales 
) Rehe . 
G a lex WwW. Wa 
axo 
Le Relay D Leach Cory 115 Ave 
K Lae Angeles + Calif 
le , I Det EM-6 0 Mal 
I H N. Y 
ola I G. Hu Webster, Daytor 
Ohio 
a al Acme ( 176 ¥ 1S3ist, Cleve 
and 8, Ohto 
rt ps Control Corr Sub. of Thor 
Cor 50 W. Washington, Joliet, Il 
R-B-M Div Fesex Wire Corp., Logane 
rt, Ind 
Relay Sales. I P.O. Box 186B, Wes 
‘ ax I 
Trombetta Solenoid Corr 329 N M 
¢ Milwaukee Wis 
“ t e Electri Corp Gateway 
‘ r Bide »* } 401 Liberty Ave 
I £ Pa 
SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES 


For Motorized Units, see Motors 
Allis Chalmers, Milwaukee 1, Whe 
Kowmar Instrument Corp 2415 Penn 


sylvania Ave Ft. Wayne, Ind 





Century Electr Co., 1806 Pine, & Louls 
3, Mo 

Cone-Drive Gears Div Michigan Too! 
Co., 7171 BE. MeNichols R4., Detroit 12 
Mich 

Eaton Mfg. Co Dynamatic Div., Kea 
osha, Wis 

General Electric Co., Apparatus Sales 
Div., Schene ly 5. N, Y 

Ohio Gear Co., 1358 East 179th, Cleveland 
10. Ohio 

Reeves Pulley Ce Columbus, Ind 


SPOOLS, WIRE 
Hubbard Spool Co., Garrett, Ind 


SPRAY PAINTING MASKS and EQUIP 
MENT 

Conforming Matrix Corp 
tories Bidg., Toledo 2. 


316 Telede Fac 
Onle 


SPRINGS, COIL and FLAT 


Accurate Bpring Mfg. Co., 3817 W. Lake 
hicago 24, Lil 

American Bteel & Wire Div U.S. Bteei 
Corp Rockefeller Bidg., Cleveland 18 
Ohble 


Associated Spring Corp., Bristol, Conn 


Barnes Co Wallace, Div Associated 
Spring Corp., Bristol, Cean 

Barnes-Gibson-Raymond, Div. Associated 
Spring Corp 40300 Plymouth Rd 
Plymouth, Mich 

Dudek & Bock Spring Mfg. Co., 4016 W 


Grand Ave., Chisago 12, Il 


Dunbar Bros., Co., Div., Assoviated Spring 
Corp., Bristol, Conn 

Garrett Co., Ine., George K., Philadeiphis 
34. Pa 


Gibson Co., William D., Div. Associated 
Spring Corr 1800 Clybourn Ave., Ch! 
eago 14, ill 

Gibson Electric Co 
Pittsburgh 21, Pa 

Instrument Specialties Co. Ine 244 
Bergen Bivd Little Falls N 4 
Beryllium, Copper) 

Lewis Boring & Mfg. Co., 
Ave Chicago 47 Tl 


8349 Frankstewn Ave 


2646 W. North 


Ohio Div Associated Spring Corp 1712 
FE. let, Dayton, Ohle 

Raymond Mfg. Co Div. Associated Spring 
Corp Corry ra 


STAINLESS STEEL. See Steel, Commer 
jal Forms & Grades 

STAMPINGS, METAL 

Accurate Spring Mfg. Co. 3817 W. Lake 
Chicag 4,1 

Alden Products ( 1? Main, Brock 
tor Mass 

Alum im Goods Manufacturing Ce., Mar 
towoe, Wis 

Auburn Manufacturing Ce 306 Stack 
Middletown, Conn 

Barnes Co., Wallace Div Associated 
Spring Corp Bristol, Conn 

Karnes -Gibson- Raymond Div Associated 
Spring Corp., 40300 Plymouth Rad 
Piymouthn, Mich 

Chase Brass & Copper Co., Waterbury 26 
Conn 

Dayton Rogers Manufacturing Co., Minn 
eapolis H Minn. 

Dudek & Bock Spring Mfg. Ce., 4016 W 
Grand Ave.. Chicago 12, I 

Dunbar Bros. Co., Div. Associated Spring 
Corp Bristol, Conn 

Erie Resistor Corp Electronics Div 
Erie, Pa 

Garrett Co Inc., George K Philadel 


phia 34, Pa 


Gibson Co., William D Div. Associated 





Spring Corp., 1800 Clybourn Ave... Chi 
ago 4. Til 

Heyman Mfg. Co., Kenilworth 1, NJ 

Joliet Wrought Washer Co., Joliet, I) 

Kirk and Blum Manufacturing €o., 3122 
Forrer, Cincinnat! 9. Ohle 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, Tl 

Malco Tool and Manufacturing Co 4021 
W. Lake, Chicago 24, MM 

Mandex Manufacturing Co., Inc., 2610 W 
6th Chicag s I 

Mohawk Mfg ‘ Middletewn Conn 
Threaded 

Ohio Dis Associated Spring Corp 1712 
Fast F Dayton, Ohto 

Rayer 1Mfe Co. Div. Associated Spring 
Cort Corry Pa 

Revere & Brass. Ine 230 Park 
Ave ork 17, N. Y¥ 

Shakepr f Illinois Tool Works 
St. Charles Rd, Elgin, 

8 ar Electr Products Ine 1740 
Broadwa New York 19, N. Y 
nited-Carr Fastener Corp Cambridge 
42, Mas 

We Mr Ce 1186 West Hubbard 
Chicago . = 

Winzler Manufacturing and Tool Co 1712 
Ww Arcade Place, Chicago 12. MM 

STAMPINGS, NON-METALLIC 

Auburn Manufacturing Co 306 Stack 
Middletown, Conr 

oO nental-Diamond Fibre Div. of The 
Rudd C« Ine., Newark 13, De 

Mandex Manufacturing Co Ine 2610 W 

6tul Chicago &. I 

Richards Co., 2799 Lake, Melrose Park 
rl 

Stahliin Brothers Fibre Werks, Inc Dept 


E. Belding, Mich 


STARTERS, FLUORESCENT. See Fiuo 
rescer mp Auriliaries 
STARTERS MOTOR See Conarollers 


Motor: Push Button Stations 


rRICAI 


MANUFACTURING 











INCREASE Shedd LA 
PM dame 40% 


CU SUMPTION 


+. With my 


RESISTANCE 
SOLDER TOOLS 


Designed to handle numerous produc 
tion soldering jobs from fine, ‘pin 
point”’ precision to medium-heavy in 
dustrial operations. More than 16 
styles of electrode holders to fit in 
dividual soft or hard soldering opera 
tions, (see above bench type holder 
Kighteen stages of heat with a 
6-stage 









selector switch used in con 
junction with 3 secondary terminals 
A wide range of power—5 to 1800 
watts——quickly supplies concentrated 
heat at exact area —insures perfectly 
soldered joints with maximum 


SPEED @ SAFETY @ FLEXIBILITY e ECONOMY 


Write today for New 








Catalog descriptive 
of Luma’s Kesistance 


Method of Soldering 





oe | 
eat me bao 
P.O. Box 132-EM * Toledo, Ohio 


29 YEARS OF WIRE STRIPPING 
5 | 





EXPERIENCE 


Not just 29 «years of 





buildin one or two 
types of standard wire strip 
pers, but continuous research 
and development of many 
wire strippers to meet 
ever changing needs 


Speederaft (lilustrated) has 
widest application and su 
perior performance on most 
kinds of smaller wire 


For targer sizes inquire 
about our Air Operated 
Cable Stripper 


ae Consult us about your wire 


ce stripping problems 
Write for complete information—sending wire sampies—no obligation 


| WIRE STRIPPER CO. 1729 EASTHAM AVE 


—. CLEVELAND, OHIO 


FOLDING DOUBLE CUPPED WASHER LUGS 
— Solderless mmesO) 0 
an No Special Tool Needed = 
6 One-Piece Construction 70 
mmeQ)Q “Oc” \reys anecate 6 Or 

oo 


Easy to Apply 


o— Kaevrcer « Sereeantl 


INCINMNATI 2, OHIO 





READER IN f bt ILE CAKDS, PRECEDING BACK COVE! 









LEETRONICS 


ee 
TTS 


Do ROTARY WORK 
With ROTARY POWER 


Thousands of applications for 60- 

cle AC Rotary Solenoids are now 
being filled by expedient combina- 
tions of push-pull solenoids and link 
ages or DC rotary solenoids and rectifiers. 
Leetronics AC 
directly, 


Check the features below against YOUR needs! 


APPLICATION ADVANTAGES 


] Produces Rotary Work 


Rotary Solenoids solve the problem 
efficiently 


with pure rotary power 


True rotary motion at shaft no axial shift. Rotary 
strokes up to 60 models 
are for 20", 30", 4) 


legrees (max.) standard 


, and 6V 
() Operates on Standard AC Voltages 


No rectifier or transformer needed Standard models 


115 and 240v 60 cycles. Other AC voltages 


y available 


Variety of Sizes — Wide Torque Range 

Leetronics 8 Basic sizes are the nucleus of a large 
variety of stock and custom forms offering torque 
values from fractional inch-pounds to 100 in.-lbs. Con 
tinuous and intermittent duty types available. Torque 


p tomas say jus licate those of linear type solenoids 


Permits Direct Application 


Eliminates linkages and extra assemblies. Built-in return 
spring models offer additional economies 
ALSO 


Operates in all Positions Vibration proof, shock proof 


] High Temperature (180°C) Service 












inc. osuat > © Precision Wi-Cort a 
@ Sturdy ‘ att Keye Armature 
@ Mounting Flexwility . bie Bearings 
Grorie 
con svstte 
@ Neary tnamel Wire 
© Shake-Proof LAMIMATIONS 
a ——e @ High Quality on Stee 
@ Vacuum impregnated ef y Riveted 
imsuiaTion 
@ Class 4 High Temperature @ Screw Termingis 
Service @ 'hreeded Conduit 
@ Glass Serviced Leads Fittings Available 
Typical Large Size 
: : 
Variety of models now available from stock. 
ee —— 


t os = 
( WRITE FOR BULLETIN TODAY! 


LEETRONICS Ine. 


Dept EM-6 30 Main Street, Brooklyn 1, N. Y. 


i ROTO 





389 
















ELECTRICAL 


CONTACTS 


PRECISION SERVICE 






from Order to Delivery! 





Your 





production problems may be simplified wher 
you consult on organization with a long record ef 
successfully serving electrical manufocturers in oli 
types of precision work. Whether you ore seeking 
advice on new applications redesign, of wish yeur 
yen designs executed, send us your requirements 


gad they wil receive our most caretul attention 


Extra KNOW-HOW 


for your specific design problems 









LAMINATED AND INLAID METALS 


PRECIOUS METAL PRODUCTS FOR ELPCWRICAL MANUFACTURERS 





Ps 


ai, 
318 Wash 





IN SMALL LOTS 





This sketch 
briefly describes 
the cost of 
typical parts 
made for one 


of our earliest 





customers, whom 





EXAMPLE 
we have served MAT'L. C. R. STEEL 
for the past The cost of blanking, piercing and form. 
ing, including all tools 
thirty-four years First 100 : $69.25 
Each add'l. 100 450 


Plus actual cost of material used for 


stampings 


We have the nation’s very best facilities and know- 
how to produce short-run stampings at the lowest 
possible cost. Send your sketch, blueprint, or part, 


plus quantity, for prompt quotation 





Manufactiu ving Company 





MINNEAPOLIS:7H, MINNESOTA 
















eae ict ee Talla N. & 


re iat Ct 
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Dayton Rogers 


STATOR ASSEMBLIES 


aminations ( tox «(13 300) ~Mals 


STATOR INSULATING MACHINES 
Hautau Engineering ¢ 7 Wanda Ave 
Detr 0, Mict 

STEATITE. Bee Cera 


STEEL—Commercial Forms and Grades 


> 





Sars b 
‘art ‘ ‘ 
(oate Db 
She and Str . 
t e ‘ k 
‘ Ko 10 0 
I ‘ I 
Bee « ee Electrica 
I Mtee { Henr Ww 
0 I ‘ Pittat » l’a ‘Ss 
a Mie « Wire D I . 
Rhee Cort Rockefeller Bidg Cleve 
On Na 
Barnes ce Vallace Div Assorlated 
~ ng Corp Ir ‘ 8-CO 
Spring 
« Hra & Ce er ¢ 4 erbury 2 
Conr 
‘ at 1 Db I s Ste 
( h Calif 
( Mieel ¢ fA He y W 
Oliver Bidg., I 0, a 
iM ~ 
Db 7 a W ar Kb 6 River € 
\ wark Stainless & 
t Tube 1D Steel Cor 
} 1 
apor elif woort, ADES 
Ke ‘ I lark 
4 b T 
" ‘ 
pee tet t 
ar Miee| Cor aror a ABCD 
4 r Cort ‘ i A 
- rior 7 et t Pa ACNT 
eee ( & Ire D S. Stee 
Cort Fairfield, Ala 
4 Cor William Penn P 
! ach. T-Af 
Was ( 5 8 Woodla 


STEEL ELECTRICAL (Silicon 
Sheets and Strips 


Allegher I ; Hteel Cort Henry W 
o er Hidg Pittehburgh 22, a 
wport § Cort Newport, Ky 

Stee! Corp., Sharon, Pa 
( > Willlam Penn P 
Pittsburg? 0. Pa 


STRAIN RELIEFS. See Grips & Clamps 


Strain Kellef 


STRIPPERS, WIRE 

tos Engineering Co., 2737 8. 28th, Mi 

waukee 7 Wiles 

Eraser ( I Rush Wire Stripper D 

685 Clintor Syracuse 4, N.Y 

Holub Industries Inc., 445 Elm Byca 
more. Tl 

Ideal Industries, Ine 1008 Park Ave 
Sycamore I 

Wenco Mfg 1136 West Hubbard. Chi 
ago 22 Tl 

Wire Stripper Co 1729 Eastham Ave 
Fast Cleveland 12, Ohio 


STRIPS. BLOCKS and BOARDS 
TERMINAL 


Aircraft-Marine Preducte Inc., 2100 Pax 
ton, Harrisburg, Pa 

Aiden Products Co., 117 N. Main, Brock 
tor Mase 
American 


T 





ae Corp Chattanooga 56 





4 ) Electrical Products Corp 225 
Kte 22. Hillside, N. J 
Hurndy Engineering Co., Ine., Norwalk 


Cambridge Thermionic Corp.. 458 Concora 
Ave.. Cambridge 838, Mass 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegrap? 


Corp 00 Kingsland R4., Cliften, N. J 
Jones Div. Howard B., Cinch Mfg. Corr 
Chicago 24. 7 
M ex Manufa ny Ir > Ww 
‘ mos. I 


Marathon Electric Mfg Corp Cherry &@ 
Randolph, Waneau, Whe 
{ « Co f Ame a. Clifton Blvd 


Stromberg Carlson A Div ot Genera 
Dynamics Corp 11) Caerleon Rd 
Rochester 3. N. Y¥ 

Thomas A& Betts C 
Flisabeth 3. N. J 

S. Gasket Co Cc 


0 Inc 28 Butler 


amden 1, N. J 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) “ 
Limit Snap- Actior B) 
Magnetic m) 
Mercury dD 
l’reseure ic 
Therma! Fr) 
Time 0 
Transfer (A) 
Vacuum (J) 
Canopy and Fixture (K) 
Foot (L 
Heater (Series Multiple) (M 
Jack. Key and Lever (N 


Panel 0 
Snap (Toggie, Slide 
Hotary (P; 
Remote Control R 
Selector (Rotary Tap) (8) 
Through-Card (Snap) (T) 
Coaxial (U) 
Motor Speed Control (v 
Limit Rotary Cam @& 
Gear Ww) 
Coin (x 
See ale Cilreult sreakers Push Butta 
Stations Controllers Motor Relays 
I ere 
Acre Manufacturing Co Columbus i6 
on $ 
Ada & Westlake Co Elkhart, Ind 
AEMCO, Ir 60 State, Mankato, Mine 
aK 
Allen-Kradliey Co 1316 8. Second, Mil 
waukee 4. Wis ACEFIPR 
Allied Control Ce Ine 2 Kast End Ave 
sew York 21, N. ¥ CDGHR 
4 s-Chalmers, Milwaukee Wis RS 
\rrow-Hart & Hegeman Electric Co 108 
Hawthorne Hartford 6, Conn ° 
ACDHKMPRHRT 
Automatic Switch ¢ 103 Lakeside Ave 
Orange, N. J CHR 
ir ee Waterbury Conn ADEF 
OIVKS 
‘ 1 ‘% § 1 fortt Ave 
‘ ff ] } 
' t f Ave Milwaukee 1, Wis \a 
Cherry Klectrical Preducte Corp 1654 
Deerfield Rd Highland Park I 
BWX 


Circle F Mfg. Co 234 W 44th, New 
York, N. Y 


Clare & C Cc. PP 3101 Pratt Biva 
Chicago 4 Il 

Clark Controller Co 1146 E 152na 
Cleveland Ohio (C) 

Comar Electri Co 3340 W Addleor 
cr TU) a i N 

Contr Products Ce Ine 506A Sussex 


Harrisor N. J B 
Controls Corp. of America, Boreng Div 


5! Soreng Ave Schiller Park. I) 
ABELI’S 

Cramer Co., Ine R. W., Box 8, Center 
brook, Conr G 

Crouse-Hinds Co Syracuse 1} N J 
DPSV 


Curties-Wright Corp., Carlstadt, N. J ¥ 

lburakool, Ine Elkhart, Ind. (D 

Kagle Signal Corp 202 26th, Moline } 
mh. «a 

Edison, Ine Thomas A Instrument Div 
Dept West Orange, N. J. (FG) 

Electro-8nap Switch and Mfg. Oo., 423% 
W. Lake. Chicago 24, DL (B) 

Electro Switch Corp., Weymouth 88. Mase 

Faseo Industries, Inc., Rochester 2, N. Y¥ 
EJO) 

Federal Telephone and Radio Co., Div. of 
Internationa Telephone and Telegraph 





Cort 00 Kingsland Rd., Clifton, N. J 
(NS 

Fenwal, Inc 14 Pleasant, Ashland. Mass 
(F) 

Furnas Electric Co, 1024 McKee, Batavis 





ABCEFLO) 

G-V Controls Ine & Hollywood Plane 
East Orange, N. J FO) 

General Electric Co., Apparatus Sales Dir 


Schenectady a eS ABCDEFGHIK 
MNOPRSTUV 
{; era | r ‘ A ‘ r t 
I» Br t ( r & 
General Thermostat Cory 10 Albany Ave 
Rartlett NOW 
(jua Blectr G V Wa 
ey z I CFPGHN 
Haydon Mfg. Co., Ine., 2529 Elm, Tor 
ringtor Conr Oo 
Heinemann Electric Co 9 Plum, Tren 


ton, N. J. (0 
Kellogg Switchboard and Supply Co., 72 
W. Monroe, Chicago &. I * (Cross 
bar © 
Knox Porcelain Co Knoxville 1, Tent 
(P) 
Leach Relay Div., Leach Corp.. 5915 Ave 
lon Blvd Los Angeles 3, Calif 
Leland. In G. H., 123 Webster, Dayton 
2. Ono 
McGill Manufacturing Co Ir 908 N 
Lafayette Vaipar » Ind KPR 
Mallory & €¢ Ir R., Indianapolis 








4. Ind GNPS 

Mecha I rie I © 
A \kr » 

Mercoid Cort 420) Belmont Ave., Chi 
cago 4 1 ARCDEF 

Micro Switch Di Minneapolls- Honeywe!l 
Regulator Co Freeport, Tl (BDFLA 

National Acme ¢ 1764 FE. 13ist, Cleve 
and & hi BP 

North Flectrie Ce« 587 S. Market, Galior 
Onto 

Onmite Mfg. ¢ 1613 Howard, Btokle 
1 WR 

Pass & Rey I 5 Syra 

Pyle-Nationa!l ¢ 588 N. Kostner Ave 
Chicago 5! I Pr 

RBM PD Fesex Wire Corp Logan 
port Ind 

Relay Sales I PO. Box 1867, Wee 
Chicage I 

Mhodes. I MoH. Hartford 6. Conn. (G 











Re rtshaw Thermostat Div Robert . 
Fulton Contr ‘ Youngwood Pe 
FM 
Spencer Thermostat Div Metale & Con 
cw é& Vor ‘ r Ma 
EF 
Square PD ¢ 4041 N. Richards. Milwee 
kee W ARCEFLOPR 
Stacknole Carhon Ca S: Maryse Pa (P 
Stromberg Carleon A Div of Genere 
Denamice Cort 117 Carlsor Ra 
Rorhester 3.N. Y 
Switcheraft. Ine 328 N. Halsted. Chi 
ago 272. I N 
Ther Plectr A Machine Works 11A 
S Jefferson, Chicago 6, Il 8 













yA 


mu 


SCREWS - BOLTS - NUTS - RIVETS 
UW Mae eee CL 
IN ALL METALS 


Qos 


IMMEDIATE DELIVERY. CATALOG ON REQUEST 
sad 


» 
KEYSTONE NG. TYR 


127 CHURCH ST. NEW YORK 7, N. Y. 


Oe geen 


Large COMpany with holdings in the 
housewares field is interested in acquiring 
an electric or non-electric housewares man- 
ufacturing company with a going business 
of two to five million dollar volume. Nego- 
tiations will be held in strictest confidence 
and may be initiated either directly or 
through your attorney or accountant. 


Write Box 107 


ELECTRICAL MANUFACTURING 
; 1250 Sixth Avenue, New York 20, N. Y. 
SOS 0 0SSOO81OS8OSSOO6OSOOOOS09SO8880088 


ver 


nat a Q-MAX pene 


trates deep! ealout 


{ R-F winding 


LOW-LOSS LACQUER “ppv. dries quickly, 


adheres to practically 


t ‘ all materials and has 
OP) | = wide tempereture 


range. Write today for 
NBA . ‘ Cy _ detailed engineering 
Rs 5 P ¥ P) literature 
he hg ‘i t A bh & » ¥ 


bk CAKDS, PRECEDING BACK COVER 








for power supply 








Your best buy 








ROYAL 
Cords 


it makes sense to specify Royal Cord 
Assemblies in designing today’s electrically 
powered machines, appliances and equip 
ment. For two reasons 

First, Royal Quality-Engineered Cord As- 
semblies put power where you want it 
efficiently and economically! Each assembly 
is designed to provide maximum strength 
and longer service life, even under toughest 
conditions 

Second — as basic producers of flexible, 
lamp and service cords — Royal maintains a 
wide selection of stock and special molds 
for forming a variety of caps, connectors 


































and strain reliefs in rubber, neoprene, viny| 
or polystyrene. Royal Cords can be fur 
nished with standard attachments or can be 














custom-made to meet your requirements 


Write Royal today for complete cord 
assembly information. 


Ask for your copy of the \ 
NEW ROYAL CATALOG f: 

















os 





Contains complete details / 





: ; 
on Royal Stock Molds for / 4% 
Caps, Connectors and {| 
Strain Reliefs 





ROYAL ELECTRIC COMPANY, INC. 
PAWTUCKET RHODE ISLAND 





WIRE © FLEXIBLE CORD 
CORD ASSEMBLIES *« FUSES * WIRING DEVICES 


391 


gered Iroducts, Ine Bedford TEMPERATURE CONTROLS. Hee Con 


trols. Pressure & Temperature; Relays 
net (jeorge 413 Market Newark Nwitches Thermometers Thermostate 
SS. FG 


nimax Sitch Di ‘ s ¥ Mateor 


fa... ee nn, (D) =TERMINAL BLOCKS. Bee Strips 


Ward if#unara Liectric Co 600 South 

Mount Vernon, N. Y. (CGHOM) TERMINALS. See Luge and Terminals 
Westinghouse Electri« Corp Gateway 

Center, Bidg. No 3, 401 Liberty Ave 


Pittsburgh 22, Pa ABCDEFGHLOPS TESTING CHAMBERS. See Chambers 
Zenith Blectric Co., 152 W. Walton, Chi Test 


ago 10, Il HR) 


SYNCHROS. See Servomechanteme TESTING INSTRUMENTS. See Instru 


ments. Also Tools, Portable 


TACHOMETERS THERMAL SWITCHES. See Switches 


Hristol Co Waterbur 2 Conr 
treneral Kiectric 4 , Apparatus Sales THERMISTORS 
~ henectady 4 y 
industries. In 1008 Park Carboloy Dept. of General Electric Co 
yeamore. [il 11131 BE & Mile Ave., Detroit 83, Mich 
Marz Co.. Clarence J tox 4033, Thermistor Corp. of America, Guiton Ip 
tM. Cleveland 23. Unio dustries, In 212 Durham Ave, Me 
Keliance Biect & Engineering Co tucher N. J 
lveanhoe HMd.. Cleveland 10, Uhbio Vietory Engineering Corp., 109 Springfield 
Veeder-Moot, in Hartford 2, Com Rd. Union, N. J 
I ~ 


air, Da 


Flectrical Instrument Corp 14 THERMOCOUPLES 


Frelinghuyse Ave Newark 5, N Assembly Products, Ine Chesteriand 14 
Onlo 
TAGS. TERMINAL ao Co., In 113 Astor, Newark 5 
ational Bani & Tag Co., Dept. 9-64 Bristol Co 
ewport, Ky 
| ele 2 2 ee atvar Corp 207 Randolph Ave., Wood 


Waterbury 20, Conn 
General Electric Co., Apparatus Sales Div 
Schenectady 5, N. ¥ 

bridge, N. J Hockbestos Products Corp., New Haven 4 

of Universal-white glazed porcelair } Cont 

fe) Thermo Electric Co 109 Fifth, Saddle 

LAE esigned to customers require TANTALUM Kiver ‘Township, Hochelle Park Post 

— saa . - P teel Metallurgical Corp N. Chicago Office, N. J 

A eee eo vtilize bosse tn le eel . Westinghouse Electric Corp., Gateway Cen 

flashover of high voltage connections These | i ry & I P. K., Indianapolis 6 ter, Bidg _ 3, 401 Liberty Ave., Pitts 
nd burgh 22, Pa 

units ore mode to close dimension tolerances Weston Electrical Instrument Corp 614 

Frelinghuysen Ave., Newark 5, N. J 
and hove a uniform body density. Arcing will not char them TAPE, ADHESIVE and COIL Wheelco Instruments Div., Barber-Coimar 
FASTENING Co., 1408 Rock, Rockford, Mi 


g Cork 6 Inger La 

aster, Va 
trady Co., W. H., 727 W. Glendale Ave THERMOMETERS 

litwaukee 12, Wis Assembly Products, Inc Chesterland 14 

If you need trouMle -.free insulators, send your specs te ation Manufacturers Corp., 565 W. | Ohio 

| Vashington Bivd Chicago 6, Il Bristol Co Waterbury 20, Conn 
Tee) Manville Corp., Dutch Brand Diy., Edison, Inc., Thomas A., Instrument Div 
UW Woodlawn Ave, Chicago 19, Ill Dept. 58, West Orange, N. J 


Minnesota Mining & Mfg Co., Electrical TAGIiabue Instrumente Div., Westen Ele 
lroducta Div 900 Fauquier Ave, St trical Instrument Corp., 614 Frelinghuy 

Paul 6, Minn sen Ave.. Newark 5, N. J 
THE CLAY PRODUCTS CO. ken Sales Div f The Kendall Co Victory Engineering Corp., 109 Springfield 


Ww Adame, Chicago 6, Ii Rd., Union, N. J 7 
amiess Rubber Co., New Haven 3, Conn. Weston Electrical Instrument Cor, 614 
1540 EAST FIRST STREET SANDUSKY, OHIO Frelinghuysen A Newark 5, 4 
Wheelco Instrumer Yiv., Barber-Coimen 
TAPE, FRICTION and SPLICE Co., 1403 Kock, Rockford, Ml 


ao) mane I ation Manufacturers Corp 565 WwW 
ashington Bivd Chicago 6, Ill 
Irving ’ Div Minnesota Mining s 
Manufacturing Co ) Argyle Terrace 
Irvingtor : 
ape gpanrine m 60, New York 16. THERMOSTATIC BIMETALS 
Manville Cory Dutch Brand Div Baker & Co. Inc 113 Astor, Newark 5 
0 Woodlawn Ave., Chicago 19, 111 N. J : 
nnesota Mining & Mfg Co Elec Brainin Co, ¢ s $18 Weshington, Mi 


. rice Ir t Div y00 Fauquier Vernon, NY ; 
; Ave apr i au ; 6, Mins Bristol Co ‘3 Bristol BRd., Waterbury 
Polyken Sales Wi { The Kendall Ce 20, Conn 
| ’ 2 Ww Ademe ‘ hicago “6 iil F Chace Co., W. M 1608 Beard Ave., De 
Seamless Rubber Co, New Haven 3. Conn troit 9. Mich 


8 Hubber Co Rockefeller Center, General Plate Div Metals and Controls 
‘ew York 20, N. Y Corp if Forest Attleboro, Mass 


ll) they be aflected by chemical fumes, moisture, heat 


a ihe! 





THERMOPLASTIC WIRE. See Wire & 
Cable, Insulated 


TAPE, INSULATING. See Fabrics, In THERMOSTATS 
sula “ Mleeving & Tape Asbestos 
Tepe. Friction & Splice, Tape & Sheet 
ing, Synthetic Resin 


Acro Manufacturing Co Colunwus 16 
Ohio 
Barber Colman (Cx Dept. F, 1203 Rock 
Mockford, Il 
Bristol Co.. Waterbury 20, Conr 
Curtiss-Wright Corp., Carlstadt, N. J 
Dales Co Franklin 180-184 EB. Mil 
TAPE, MICA. See Mica Akron 8, Ohio 
Edison, I Thomas A Instrument Div 
TAPE and SHEETING SYNTHETIC Dept. 53, West Orange, N. J 
RESIN Fenwa!l, In 14 Pleasant, Ashland, Mass 
v ntre ne oS {oll ood P 
Continental-Diamond Fibre Div. of The 7 “sears Ir j : det —_ 
Rudd Co., Inc., Newark 18, Del eneral Controls Co., 801 Allen Ave 
” _ see ee stol 6, B. I I i Giendale 1, Calif 
1 Pont de Nemours & Co. (Ine General Electric Ce Apparatus Sales Div 
astica Dept Wilmington vs. De 


(ieneral Electric Co Chemical & Metal 


TAPE, MAGNETIC RECORDING 


Nee Magnetic Hecorder Componente 


Type F Blowers 


Originally designed for cooling electronic tubes in 


Schenectady 5, N. ¥ 
Gene Thermostat Cor 10 Albany Ave 
irgica Div Pittefield Mass Bart ett NT in _ , 
Insulat Manufacturers Cory 565 W M \ id ‘on ' cm 
Washington Blyd., Chicago 6, Ill 4 Aker s © 
ston) «Dit Minnessta Mining @ yiorcoid Cort 4201 Belmont Ave., Chi 
Manufacturing Co » Argyle Terrace cago 41. Ii! 
Irvington 11 N. J Robertshaw Thermostat Div., Robertshaw 
n ta M ng & Mf ‘ ’ Fulton Controls Co Youngwood, Pa 
' 01 jul d Spencer Thermostat Div., Metale & Con 
i’a 6, M , ( ¢ res Attleboro, Mass 
Natwar Corg 207 Randolph Ave., Wood Stevens Mfg. Co ‘ afield Uhic 
bridge, N. J ill-Man ¢ 4 ; 64th, New York 
New Jersey Wood Finishing Co., Electrica 56 N. Y 
Insulation Dept ph ae N. J rherm-O-Dis ) Crouse, Mans 
yken Sales Div. of The emdall Co 


Ww. Ad ct 6. Ll Som, Se 
ome cago : Tore ineered Products, Inc., Bedford 
bestos-Manhattan§ In Plastic Prod rq Engineere —_ , 


Ohio 
ts Div, Manheim, Pa Ulanet Co.. George, 413 Market, Newark 
ir Industries Ine Santa Barbare 


transmitters, induction heaters and diathermy equipment, 
Heinze F-2 Blowers have become popular also for adver 
tising displays and similar applications where a small 


current of air and quiet operation are required 


Characterized by low wattage, neat appearance and 
light weight. The shaded pole motor will not cause radio 


interference 


: "C lif 
/.\ 115v AC 60 cycles 15 watts Seamless Rubher Co., New Haven 3. Cont 
fy F2D (double) 20 CFM 3000 RPM (free air 


Corr Gateway 
4/ I ‘ Ave 
{ SB. Gasket Co Camder N J 


struments Div., Barber-Colman 
TAPES, MEASURING Rock, Rockford, 1 

Keuffel & Esser Co.. Hoboken, N J i 1 FAwin L 7530 6Thomas 
Pitteburgh * Pe 

‘ 1001 Newark Ave hilza 


p/ F2S (single) 10 CFM 3000 RPM (free air 


TELEPHONES 


Heinze Electric Co Pi de" suena. woron 


685 Lawrence Street, LOWELL, MASS stella rent ARMCO. Tne 60 State, Mankato, Minn 


{ Genera Hris ‘ Waterbury 26. Conr 


sor Rad Cramer Co, Inc., RB. W Boz 8 Center 
brook. Conr 
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ANOTHER FAMOUS NAM6é 


The Hobart 
Manufacturing 


Company 


PHOENIX 


Buys Ba ae D777 


Because 


Kitchen Aid mixers, by Hobart, are sold 
to the American Homemaker with a guar- 
antee of exceptional performance and serv- 
ice. Understandably, every component must 
be the finest quality available. 


Send for Catalog 56-E — shows how to 
order molded or assembled types. 


or in 
PHOENIX ELECTRIC MANUFACTURING CO. 


4211 West Lake Street Chicago 24, Illinois 


sy 


Relays can be a lot of TROUBLE! 
TO THE ELECTRONIC ENGINEER 
We know—because we've been making 
‘em for 40 years, But we admit that we 
cant pull some answers right off the 
shelf. Who can — with daily develop- 
ments in electronics, radar, guided mis- 
siles, computers airborne comnunica- 
tions, automation and what have you? 
We know you're working on certain 
special projects which may be sched- 
uled for completion next week next 
month—or next year, Right now we're 
interested in the problem you're 
working on for the future. We know 
you'll have requirements for relays not 
now available. And since you are the 
fellows establishing the spec's, you can 
avoid trouble by helping us anticipate 
your needs, Write Mr. FE. M. Hunter, 
Research & Deve lopme nt Dept., Whee- 
lock Signals, Inc., Long Branch, N. J 


are 
; i, a % : ae 
RP Om 


=z a ax, = 


Signal Engineering & Mtg. Co. hae changed its name to 


SIGNALS 


LONG BRANCH, N. ¥. 


READER INQUIRY EKVICEH 


DO THESE 


TRANSFORMER 


If you have a prob 
DESIGNS lem with the con 
trol, adjustment, 
regulation, stabiliz- 
ing, reduction or 
increasing of elec- 
trical voltage — 
then tell your trou- 
bles to the Acme 
Electric engineer- 


ing department. 


A complete staff of 
transformer engi 
neers will help you 
develop the kind of 
transformers that 
can make your pro 


ducts more reliable. 


FOR CORRECTING 
LOW VOLTAGE 
CIRCUITS 


This is a Boost and Buck 
Transformer, used to supply 
240 volt, single phase, 60 
cycle trom a 208 volt circuit 
A quick and economical way 
of getting top performance 
from motors installed on 
under-voltage lines 


This 75 VA unit 
provides stabilized 
voltage and prevents 
light fluctuation on 
one of the world’s 


best photo enlargers 


This shell type transformer, 240 
volt primary, 60 cycle '4 volt 
secondary is protected with a 


built-in fuse for maximum safety 


ACME ELECTRIC CORPORATION 


356 WATER ST. CUBA, WN. Y. 





Oe 


tor APPLIANCES 
TL ee 


MOST SENSITIVE 
| PATENTED CONDUCTION 
| TYPE THERMOSTATS 


ot Dor a» Also BIMETAL 
4 TYPES 


Used by 
leading 
electrical 
manufacturers 
for many 


B-200 


BS-200 


GUARANTEED 


for 


18 MONTHS 


For Descriptive Literature, write: 


GENERAL tHermostat corp. 


10 ALBANY AVENUE 
BARTLETT, NEW HAMPSHIRE 


Parts made of 


Dixon RULON 


never need lubrication 
Specify RULON for - 


VERY LOW FRICTION 

HIGH WEAR RESISTANCE 

GREAT CHEMICAL INERTNESS 

EXCELLENT DIELECTRIC PROPERTIES 

GOOD HEAT PROPERTIES UP TO 350 ~ 500 F 


Rulon is inherently slippery, requires no lubrica- 
tion. This remarkable plastic offers most of the 
advantages of Teflon but has far greater wear 


resistance and better resistance to cold flow. 


If you need one or all of Rulon’s special prop 


erties for bearings, bushings, slides, guides, 
cam followers, washers, spacers, or other parts 


consult us without obligation. 


We supply both Rulon and Teflon in rods, tubes, 
sleeving, tape, extruded and molded shapes 
Write for detailed information 


DIXON CORPORATION 
BRISTOL 6, RHODE ISLAND 


Controls Corp of Americs, Sereng Div 
9551 Soreng Ave Schiller Park, Ii) 


age Bigna! Cort 202 20th, Moline 1 
i} 


General FE trie Co 
Fenhenecta 5. N 

Haydon Co.. A. W 34 N. Elm 
bury 20 Conn 

Haydon Mfg. @o., Inc., 2529 Elm, Tor 
rington, Coan 

Industrial Timer Corp., 181 Ogden, New 
ark 4, N. J 
Mercoid Corp., 4201 
cago 41, Til 

Relay Sales ¢ P.O. Box 186B 
Chicago, Tl 

Square D Co., 4041 N 
kee 12, Wis 

Stromberg -Car|sor A Div of 
Dynamics Corp., 117 
Rochester 3, N. Y¥ 

Ward Leonard Wlectrie Ce 400 
Mount Vernon, N. Y 

Westinghouse Electric Corp., 
ter, Bidg. No 3&3, 4061 
Pittsburgh 22, Pa 

Zenith Electric Co 
eago 10, Til 


Apparatus Sales Div 
Y 


Water 


Belmont Ave., Chi 
Weeat 


Richards, Milwau 
Genera 
Carlson Rad 


Pouth 


Gateway Cer 
Liberty Ave 


152 W. Walten, Chi 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Orguance Div 
Eigin, ™ 
Rhodes, In M. H., Hartford 6 Contr 


TIME SWITCHES 


Bee Bwitcnes 


TOOLS, PORTABLE 


Barber-Colman Co., Dept. F ” 
Korkford, Til Hardness Testing) 

Kyerson & Son, Inc., Joseph T. Chicago % 
I 

Scruges Ce Loyd, 1022-32 N 
toule 1, Mo 

4yntron Co.. Homer City, Pa 

Thomas & Betts Co 28 Butler, } 
beth 1, N. J. (Tern Tools 

United States Stee upr Di Ur 
States Steel Corp » 8. La 
Chicago 4, Mm 


* Rock 


Mizth, St 


TRACING CLOTH, FIL™ and PAPER 


Br g Co Ine Charlies, 4700 Montrose 
Ave. Chicago 41 TM 
Clearprint Paper © 1482 67 Emer 
e, Calif 


ffel & Esser Co., Hoboken, N. J 


TRANSFER SWITCHES 


Bee Switches 


TRANSFORMER HOUSINGS. See Cal 
nets, Bheet Metal 


TRANSFORMERS, ELECTRONIC 


Acme Electric Corp., Cuba, N. ¥ 

Caledonia Electronics & Transformer Corp 
Dept. PM-4, Caledonia, N. Y 

Chicago Standard Transformer Cory Ad 
ison & Eleton Ave Thiecaco 18 1! 

Comar Electric Co 3349 W Addisor 
Chicago 18, TI 

Dano Flectric Co 93 
Conn 

Electran Mfg. Co 1901 
Chicago 14, Til 

Federal Telephone and Radio Co MTiv. of 
Internationa! ephone and Telegran 
Corp 100 Kingsland R4., Cliften. VN. J 

Freed Transformer Co Ine 1780 Weir 
field. Rrookler Ridgewood) 97. N. ¥ 

General Transformer C« 18240 Harw 
Ave Homewood Ti! 

Hyeor Tis of International RB 
Co 12970 Bradley Ave s 
Calif 

Mi rotrar to a4.it 
Far Rockaway N Y 

Nothelfer Winding Laboratories, 111 Albe 
marie Ave Trenton & WV. J 

Radio ¢ of America, Tube Div Har 
rison. N. J 

Rola Fiectri ce 4633 W. 14th 
so. 

Telex 1 Telex Park, St Paul 1 Mine 

Thited Transformer Co 150 Varitek, New 
York 18. N. ¥ 


Main, Winsted 


Clybourn Ave 


Rockaway Filvd 


Chicage 


TRANSFORMERS, FLUORESCENT 
BALLAST. See Fluorescent Lamp Aut 


illartes 


TRANSFORMERS 
CURRENT 


Acme Filectric Corn. Cuba, N. Y 
Allie-Chelmere, Milwankee 1. Wis 

Chicago Standard Transformer Corp AA 
Yeon A Fleton Ave iceeo 18 TI 

Comar Flertri Co a349 W Adidtaor 
Milenen 18. TH 

Dano Plectrie Oo, 98 
Cont 

Elertran Mfe Co, 1901 
(icage 14. 1 

Federal Telephone and Radio Co Div of 
Internations! Telephone and Telerrant 
Corp. 100 Kingalend R4.. Clifton, V J 

Freed Transformer (Co Tne 1780 Weir 
fleld Peranklwn (Ridgewood) 27. N. Y¥ 

General Mleetric Ca soparatue Sales Div 
Rehenertady 5. N Y 

General Transformer Co 
hve Homewood Til 

Sola Pleetric Co. 4433 W 16th 
so om 

Weetinghoure Fiactric Corn 
Center Rite Noa 8. 41 
Pittehurch 22. Pa 

Weston Wlectrical Instrument Corn. #14 
Frelinghuysen Ave. Newark 5, N J 


INSTRUMENT 


Main, Winsted 


Clybourn Ave 


18240 Harwood 
Chirage 


Gatewar 
Ldberty Are 


TRANSFORMERS, POWER CIRCUIT 


Acme Electric Corp., Cuba, N Y 

Allis-Chalmers, Milwaukee 1, Wis 

Chicage Standard Transformer Corp. Ad 
tison & Histon Ave. Chicago 18, Il 


JUNE 1956 ELECTRICAI 


Comar Electric Ce, 3849 W 
Chicago 18, Ul 

Dano Electric Co, 98 Main 
Conn 


Winsted 
Electran Mfg. Ce., 1901 Clybourn Ave 
Chicago 14. Il 
Freed Transformer Co., Ine., 17380 Weir 
field, Brooklyn (Ridgewood) eS 
General Controls Co., sl Allen Ave 
Glendale Callf. 
General Electric Co., Apparatus Sales Div 
Schenectady 5, N. V 
jeneral Transformer Cu., 
Ave. Homewood, ll! 
Hevt Duty Electric Co., 
Wisconsin 
Lindberg Engineering Co., 
bard. Chicago 12, nt 
Nothelfer Winding La 
marie Ave Trent n 
Radio Corp. of America 
rison. N. J 
Sola Flectric Co 
50, Dl 
Standard Transformer Co., Warren, Ohio 
Ther Electric & Machine Works, 114 
S Jefferson, Chicago 6, TH 
United Transformer Co., 15@ Varick, New 
York 13. N. Y 
Wagner Flectric Corp 6454 Plymouth 
Ave., St. Louls 14 war 
Westinghouse Flectric 
Center, Bidg. No. 3 rn” 
Pittsburgh 22. Pa 


AdMeon 


¢ 


18240 Harwood 
Milwaukee 1 
2450 W. Hub 
oratories, 111 Alb 
‘Tube Div., Har 


4633 W. 16th, Chicage 


Gateway 
aberty Ave 


TRANSFORMERS, VARIABLE 
VOLTAGE 


Acme Flectric Corp, Cubs, N. Y¥ 
Comar Electri Co 3349 W 
Chicago 18, Tl 

Flectran Mfg. Co 1901 
Chicago 14, Til 

Freed Transformer Co Ine 1730 Weir 
field, Brooklyn (Ridgewoud) 37. N. Y 
He Duty Electric Co., Milwaukee 1 


Addison 


Clybourn Ave 


Lindberg Engineering Co., 2450 W. Hub 
urd, Chicago 12, Ti 
K rr f America 
risor y 
Sunerio . trl Co 
Conr 


Tube Div.. Har 


803 Middle, Bristol 


TRANSISTORS and CRYSTAL DIODES 


Telephone and Radio Co. Div. of 
nationa Telephone and Telegraph 
00 Kingsland R4., Clifton, N. J 
tric Co Electronica Div 
ronicea Park Syracuse 1, N. Y¥ 
nal Reetifier Corp 1521 FE 
Grand Ave Fl Segundo, Celif 
International Resistance Co., 401 N. Broad 
j adelphia 8, Pa 
t o Cort f America 
Warrisor N J 
Manuf 


Tuhe Dept 


turing Co. Semicondurc 
Chapel, Newton 58, Mass 
Traneitron Flectront Corp Melrose 76 
Mass 
Weat house Fliectric Corp Gateway 
Center, Bide No 38, 401 Liberty Ave 
Pittsburgh 22, Pa 


TUBE PARTS (Electronie). 
tronic Tube Componente 


Bee Flec 


TUBES, CATHODE RAY 
Du Mont Laboratories. Inc., Allen B., 766 
Rinomfield Ave Clifton, N. J 
eral Electric Co. Apparatus Bales Div 
oe 


America, Tube Div., Har 


Co Ine 
phia 25, Pa 


2445-63 


TUBES. ELECTRON $(Itndustrial) 


Tne 561 Broadway New 
Allen B 760 
N. J 
Ave Newark 


Telephone and Radio Ce Div. of 
stiene! Telephone and Telegrapt 
100 Kingsland R4., Clifton, N. J 
Rlectr ? Apparatus Sales Div 
merica, Tube Div Har 
Manufe turing Co Semlconduc 
Chanel. Newton 58 Mase 
Electric Corp., Gateway Cen 
3, af Liberty Ave Pitts 

a 
TUBES METALLIZED GLASS. See 

Glass, Tect 


PHOTOELECTRIC. See 
Cells & Tubes 


TUBES Photo 


TUBES 
Bristol ¢ 


THERMOCOUPLE 
Waterbury 20. Conn 


TUBING. ALUMINUM 


See Aluminum 


TUBING. BRASS 
PER. See Brass 


BRONZE and COP 
Bronze & Copper 


TUBING, FIBRE. See Fibre 


TUBING LAMINATED METAL Ree 
Laminated Metals, Precious & Base 


TUBING, MICA. See Mica 


TUBING, NICKEL and NICKEL ALLOY 
See Nickel & Nickel Alloy 


TUBING, PAPER 


Cleveland Cootainer Co 6201 
Ave., Cleveland Ont 


Barbertor 


MANUFACTURING 





| 


READER IN 


Here’s the Answer to Accurate Timing 
of Electrically Operated Equipment 


yA2 UL | 
Lua le 
1a 


Especially recommended for 
operation of blowers, pumps, 
agitators, mixers, conveyors 
and other machinery... 
widely used for plastic moulding, rubber curing, 


heat treating, enamel baking, light exposure and 
similar operations. 


Fully enclosed. Double-throw, single-pole switch. 
Self-starting slow speed industrial 

type synchronous motor. Time range: 

60 seconds to 72 hours. 


Send for full information, including 
bulletin on Zenith’s complete line 
of automatic control equipment. 


ZENITH ELECTRIC or 


152 WEST WALTON STREET CHICAGO 10, ILLINOIS 


FOR IMPREGNATING 
coils, wire coverings, paper forms, 
porous ceramics, etc, 


FOR SEALING 
condensers, batteries, exposed ter 
minals, et« 


FOR DIPPING 

electrical component assemblies in 
cluding corona loss barrier mate 
riais 


FOR POTTING 
transformers and electrical com 
ponent assemblies with varying 


degrees of heat conductivity 


FOR ENCAPSULATING 
coils, electrical component assem 
blies requiring higher thermal and 
moisture resistance 


BIWAX CORPORATION 
3443 HOWARD ST. SKOKIE, ILLINOIS 


COMPOUNDS 


FOR BLENDING 


fo your specifications Jala 
and samples furnished upon 
reques 


ELECTRICAL 
COMPONENTS 


Ea 


eee: ee ee : 
COILS @® SOLENOIDS ® RELAYS 


WOUND TO YOUR 


LIGHT ue ret 
SPECIFICATIONS 


~~ a 


Send for literature. Prompt quotations upon 
receipt of your prints and specifications 


THE FIVE STAR CO., aw Q 


POWER AND 
SENSITIVE 


PLANTS PLACE, PLANTSVILLE, CONN. 


JUIRY SERVICE CARDS, PRECEDING BACK COVER 


r 
NE 


werest 
| Yeaweeeress 


peegeede 


TTT TTTTTSSEERTAEEED 


=e 


Asaedsdnashadededdd 
Oye trer ta 
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LAT ALR ATLL DARA ALAS BREA 


MACHINE SCREWS AND SPECIAL FASTENERS ARE OUR BUSINESS 
MELD ae Uma BOLL ae ia Be 


rue PROGRESSIVE 


MANUFACTURING COMPANY 


Division of The Torrington Company 


44 Worwood S1., Torrington, Conn. 


WRITE FOR 
Our CATALOG 





AX-426 RECIPROMOTOR 


A Recipr stor is a rectili r induction motor. A 
Semotor is made up of a Recipromotor acting upon a 
thin disk of copper or aluminum to make it rotate or 
oscillate. Kecipromotors may be furnished for practi- 
eally any force and any length of stroke. They are used 
for any operation requiring reciprocating forces of var- 
i magnitudes. Semotors may be used for operating 
butterfly valves, clutches, indexing tables, and ; 
other mechanism requiring simple oscillating motive 
units, Send for Bulletin EE-157 for more explanati 


We also make many standard lines of solenoids; 
we also make complete replacement lines of solenoids 
to replace General Electric and National Aeme lines 
of solenoids: we also make solenoid ope rated shoe 
brakes for torque capacities ranging from 3 ft-lbs. 
to 24,000 ft-lb. 

Send for more information. See our catalogs in 
Sweet's Catalog Service. 


TROMBETTA SOLENOID CORP. 


$29 N. MILWAUKEE ST. «© MILWAUKEE, WIS. 


TTC Me CU es ae te) hah 


SIMPLE qe is8a@— We make them all, rang- 


ing from 2- and 4-electrode crystal holder bases 


and standard octal headers, to 14- and 18-terminal 
headers for sealed Transformer and Relay applica- 
tions with a wide selection of styles and sizes 


in our series of basic designs 


PE Sib We also manufacture Sealed 
Headers and Terminals to meet special require- 
ments, and will be glad to quote upon receiving 


your specifications 


COMPLETE ASSEMBLIES We have 


handling the complete assembly of many units 


facilities for 


including evacuating and pressure-filled enclosures, 


aM 


seal catalog, with descriptions and specifications of 


Just off the press, a new Herma- 


some of our standard Sealed Headers and Termi- 
nals. Write for your copy today! 


THE HERMASEAL (O., INC. 


Elkhart 15, Indiana 


nental-Diamond Fibre Div. of The 
id ¢ In Newark 13, Del 
Paramount Paper Tube Corp., 612 Lefey 
ette, Ft. W Ind 
Paper Tube Co 20358 W 
1, Chicago 47, Il 
! Ine 56 Malis East 


TUBING. SILVER. See Bi 
Alloys 


TUBING and SLEEVING BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


tley Harr Mi ( 1206 Barclay 
shohocke i'a 
trand & Co 
Conn 
mtinental-Diamond Fibre Div. of The 
Budd Co., Ir Newark 13, Del 
sulation Manufacturers Corp 565 W 
Washington, Bivd.. Chicago 6 ll 
rvington Div., Minnesota Mining & Man 
ifacturing Ce ) Argyle Terrace, Irving 
ton 11, N. J 
at Corp Randolph Ave Woe 
ridge, N. J 
Owens-Corning Fiberglass Corp 5O8 Mad 
m Ave New York 22, N. ¥ 
Restr Industries Ir Santa Barbara 


William, Willimantic 


Glasa Ce I 73 


Jay 
Clateway Cer 


liberty Ave 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


& Co., In William, Willimantie 


Electric ( Chemica 
s Ave Pittsfield, Ma 
Manufacturers Cort 
Chicago ¢ 


M 


‘ J 
Wood Fi ne ¢ 
Dept Woodbridge, N 
Plastics Corr Commercial A 
ter> Wercester 8, Mase 
Corr of Penna 
Reading, Pa 
ndustrie I unta Barbara 


Fairmont 


trothers, 8 
kie, Til 
’ Gasket ( 

x Cort . 


TUBING, STEEL 
Forms & Grades 


TUNGSTEN 


UNDERCUTTERS MICA 


VACUUM TUBES 
! Fleet 


VALVES MOTORIZED eof SOLENOID 
OPERATED 


Soreng 1D 
ler Park I 
Allen Ave 


pparatus 


Pred 


VALVES, SERVO OPERATED 


foog Valve Co 1 Proner 
Fast Aurora, N.Y 


VARNISHED 
I tlating 


FABRICS 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 


ne Wire Co 1255 Dixswell 


Hi en i4. Cont 


Drawer 1 
w imant 
Fe 


New York 


Genera Klectric Co Chemical Div 
Plast Ave., Pittsfield, Mass 
Insulation Manufacturers Co 565 W 
Washington Blvd Chicago 6, IL 
Irvington D Minnesota Mining & Mar 
facturing C 9 Argyle Terrace, Irving 
N. J 
neulator Co., Schenecta ao 
ta Mining & Mfg. ¢ Klectrivs 
icts Div., 900 Fauquier Ave, ® 
Minn 
Chemical Co 200 Bush 
o 4, Calif 
1 Carbide & Carhon Cort 
Div., 30 E. 42nd. New York 
Westinghouse Electric Corp 
Bldg. No. 3. 401 
ttshurgl Pa 
mhar Mills, Ir 2-159 26th. Breokly 
32, N. ¥ 


VARNISHES, FINISHING. See Lacquers 
Pname & Varr shes 
VARNISHES. INSULATING. See Var 
‘ Compounds & Resins 


V-BELTS. See Drives, Belt 


VIBRATIO TEST MACHINES 


ectric ¢ Apparatus Sales D 

use Electric Corp., Gateway Cer 

! R 4( Liberty Are 
Pa 


VIBRATORS 


x Cory New Bedford, Mass 
re sion & Rad Co 8 
Minr 
1 Co., Waterbury 20, Conr 
) ( Ine P. R., Indianapolt 


WAXES and COMPOUNDS 


Ita t ‘ A Div of Union Carbide 
300 Madison Ave 


3443 Howard. Skokie, Ill 
Cort Midland, Mich 
i Chemical Div 
tsfleld, Mass 
Schenectady 1, N. ¥ 
& Mfg. Co., Electrica 
100 Fauquier Ave « 


) 26th Brooklyr 


WEDGES and PEGS, ARMATURE 

Insula Manufacturers Cort 585 
Washington B Chicago 6 

t Co., Schenectady 

r to 


WELDING EQUIPMENT 
I 1 Instruments, 93 Nassau, New York 
N Y¥ 
tie ral Electri Co Apparatus Sales 
D Schenectady 5, N. Y. (Are) 
ere Copper & Brass Ine 30 Park 
- New York 7. Y 
ry & Halstead Ave Pasa 
Calif 


WELD NUTS. See F 


WHEELS. BLOWER 
Torringt Manufacturing Co., Torrington 


WINDING MACHINES. See ¢ 


eM ines 


WIRE and CABLE, BARE 


Me Wire Div H K l’orter 
I f Pittsburgh, Prospect Park 


Brass Ce Waterbury ) Conn 
Steel & Wire Div I S. Stee 


Rockefeller Bidg., Cleveland 15 
a Wire and Cable C 25 Broad 
: New York 4, > y 
Chase Brass & Copper Waterbury 20 
Conr 
r h Wire Co I 50 Church, New 
York 7, N. ¥ 
ex Wire Corr 
Wayne 6. I 
eral Cable D ngton Ave 


Magnet Wire Div Fort 


€ i G Construction Mate 
Bridgenort Conn 
Wire Div. *American Chatr 
Monessen, Pa. (Stainiess 
Armature Banding) 
per Products Cort For 


Sut of 


Trento 


ectrie Products 
ew York 19, N 


WIRE and CABLE. INSULATED 
Ashestos . 
Rubber ih 
Varnished Fat 
Thermoplast T) 
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For Superior Quality 
\ Check these features 


[|] Pure copper, 100% 
conductivity 


[-] Sound engineering 


[] Speedy installation 
Wide wire range— 
re-usable 


_]) U/L-CSA Approved 
Compact—rugged 


[ |] Cool operation— 
takes overload 


] No special tools needed 


All screws wax-treated 


| Advanced designing for better clamping 


ALL THESE FEATURES AT LOW COST 


Your V Test Will Prove ILSCO Superiority Over Cast Or Any Other Type Lugs 


Write for Catalog #50 and loupies 


ILSCO CORPORATION 


5745 Mariemont Ave. Cincinnati 27, Ohio 


LESS 


er | Lorque- 


Ww me gaeter 


Manufactured by 
THE CAPITOL MACHINE COMPANY 
Switch Division ‘ 
36 Balmtorth Ave Danbury NUni- —_ 70 "gue 
Pelephone: Danbury, Ploneer 3-275 


LOCK NUT 


Why do designers want 


| phon 


DYKE M. 


oat 4 1) 
Sev BBLS a 


Popular ao kage is 
making Dies and |. 


8-oz. can fitted with 
Bakelite cap holding 
soft-hair brush for ~ 
plying right at bench 
metal surface ready for 
layout in a few minutes 
The dark blue background 
makes the scribed lines 
show up in sharp relief 
prevents metal glare. In 
creases efficiency and 
accuracy 


Write for sample 
on company letterhead 


THES DYKEM COMPANY 
2303F North 1lth $1. + St. Levis 6, Me 


Templates 





(Production men, of course, 
know that a lock nut with a 
“scatter -pattern” interrupts 
production and increases re- 
rat 


MCU Le ed 
rr Ome) 1 a 


a lock nut that shows an 
even pattern of torque, nut 
after nut, keg after keg? 
Because it means 
uniform bolt tension, which 
is important in keeping 
the finished product true to 
original design 


MAC LEAN- 


5535 N. Wolcott Street 
Chicago 40, Illinois 





‘ 
Imperial 
WU Culld ft 40 


TRACING CLOTH 


In drafung roc the world 
Imperial quality is tl andard by which 
} 1. This has 


seea 
1 Imperial 


an 


racing cloth be 


contin 


with JONES ~ 


o> 


5-306-AB 
Socket with 
Angle Brackets 


Jones Series 300 illustrated 
Small Piugs & Sockets for 1001 
Uses. Cap or panel mounting 


y | SOCKETS ~\_ 


P.306-CCT 
Plug, ¢ 
Clamp 


in Cag 


@ Knife-switch socket contact formed 


phosophor bronze cadr Y 


plated 


contacts 


@ Bar yntacts brass 


sdmium 


type Plug 
plated 
tion of 8/32 by 


with 


ross se 
3/64 é vol 5 amperes 


ratings 


higher ; 


slation molded bakelite 
haracterist 


Howarp B. Jones Division 


ORPORATION 


NOCH MANUFACT oe ee 


UBSIDIARY OF UNITED.CARR FASTENER CORP 





Fort Wayne 6 


webling’s 


WIRE 
WIRE 


WIRE 


Wie 


A 


rnish Wire Co Inc 


t Br 
y ABCTX) 

4633 \ Va Burer 

ALTX 

Wil n 


ag Hi, I 
& Co, In 
TX) 
Brass & Copper Co 

(BEX) 
inetital Wire Corp 
ATX) 


WUlimanti 
Waterbury 2 


Wallingford 
50 Church, New 
7, HR. ¥ BT) 


arol Cable Div., Pawtucket 


ex Wire Corp Magnet Wire Div 
. Ind (BT) 

ne and Radio C« Div. of 

Telephone and Telegrat 

0 Kingsland Kd., Clifton io 


able Corp 420 
vo © 
t to ( 
Bridgeport 


Latington Ave 


onstruction Mate 

Conn. (ABCX 
Corp Guiton Industries 
t Durham Ave., Metuchen, N. J 
ires In 26 Windsor Ave 
Y T) 
bren 


826 t, Bouth IJ’asacte 


PO los 


(BT) 


Products Co Box 66101 
geles 66, Calif 
» Piastics Cory Commercial 
Worcester 8, Mase. (TX, 
s-Dodge Copper Products Corp F« 
Wayne, Ind. t(ABCTX) 
Products Corp 
(AT) 
Hons Corp 
Fuel & 


& Fos 


kbestos New Haven 4 
Conn 


Sub. of 
Trentor 


John A., 
( rado Iron Corp 
2, N. J 
e Cable Cort Kome 
Co, lr 


SS 


Pawt 


BTX) 
ket, KR. I 


ibber Co New 


Y 


Rockefelicr Center, 


CUTTERS and STRIPPERS 
Wire 


Bee 
Strippers 


CUTTING PLIERS and Twist 
ERS. See Pliers & Cutters, Wire 
FORMS Coll «@& 


Siampings 


Bee Springs, 


Pia Meta! 


MAINET 


Wire Co, 125 
linver 14 Conn 

aconda Wire and Cable Co., 25 
way, New York 4, N. Y 


Diaswell Ave New 


Broad 


' Virginia 
Fibre Board 


ae mesg hie.li 
RUE Ve 


WR 


J 


ag 

(hase Mreses & 
Conn 

Essex Wire Cort 
Fort Wayne 6, Ind 

General Cable Corp 420 Lexington Ave 
New York 17, N. ¥ 

Electr (x A 
, ene ay N | 

Hitemp Wires I 26 Windsor 
lineola, N. Y 

Pheips-Dodge Copper Products Corp., 
Manufacturing Div Fort Wayne 

Prod s Corp New 


‘ Ce 


Magnet 


Genera ppsretus Sales 


Ave 


Inca 
Ind 
liaven 4 
( 

fub. of 
Trenton 2 


Roebling’s Sons Cory yn A 
rado Fuel & Iron Corp 

v. J 

Rome Cable Cort 
Sprague Elect 


Adame, Mase 


Rome, N. Y 
307 Marshall, Nortt 


RECORDING 
Components 


Fee 


MAGNETIC 


Recorder 


WIRE, 


Magnetic 


WIRE MARKING MACHINES 
aM nes & Devices 


See Mare 


WIRE, RESISTANCE 


A y Metal Wire Div H. K. Porter te 
I of Pittsburgh, Prospect Park, Pa 

Bristol Co Waterbury Conn 

Driver Co Wilbur B 150 Riverside 
Newark 4, N. J 

Driver-Harris Co 


y Co., J. M 


Are 


Harrisor 2 


371 El Hartford, Conr 


WIRE STRIPPERS. See Strippers, Wire 


WIRING DUCTS. See Ducts 


Whiing 


HARNESSES 
Wire 


See Harnesses & 


WIRING 
Assemb! loa 
WIRING, PRINTED CIRCUIT 


Mandez Manufacturing ( Inc 
16th, Chicago 8, Ill 


WORMS and WORM WHEELS. See (ic 
& Pinions 


WRENCHES SOCKET 
Socket Berew Keys & 


SCREW 
Wreaches 


YARNS, BRAIDING 
Fabrics, Insulating 


and SERVING 


zinc 


New Jersey Zinc Co. 
$4, N. ¥ 


160 Front, New York 


4 high grade board for 
electrical Nsulation 
Possessing high tensile 
and dielectric Strength 
Used in a large variety 
of Punchings and other 
insulating applications. 


DENSITE 


an extremely hard and 
tough board of superior 
quality. Used by many 
leading manufacturers 
of electrical equipment 
to replace the more ex- 
pensive types of insulat- 
ing materials. 


aaah 


Wacker Drive 


vs 


ricago 1 
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Announcing The New 


CLE-MATIC BRAKE MOTOR 


For years industry has needed an 
adjustable, mechanical Brake Motor 


HERE {fT iS... 


This new motor offers many 
advantages and applications not 
found in conventional motors 
Mechanical in action — simple in adjustment. 
Quick or gentle stopping and starting. 
Special designs for special applications. 
Ideal for lathe work, bridge and trolleys. 


Send for iilustrated folder 


OTHER PRODUCTS 
We build Squirrel Cage Motors in fractional HP 
through 405. Slip Ring Motors 203 to 505. Many 
others available soon. Write for data and prices 


ELECTRIC MOT 


5213 CHESTER AVENUE * CLEVELAND 3, OHIO 


ene 


MT CAT 
Pee D4 


esos 
Ren er syy/" 
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MICRODOT, 
c 


pioneer in micro 
miniature circuitry 

My ACe Mal Cats 

semblies in any 

— quantity. Write today 
and describe the coax 
solutions you require 

stint With Microdot cables 


eS eal 


Let 
Str 


and over 300 
UE Css) 


Toe) 


Through 


iis felted 


1826 FREMONT $T 
SO. PASADENA, CALIF 


and they're 


Cotor-KEYED 
for SPEED 


A COMPLETE NEW LINE OF T&B METHOD COM- 
PRESSION CONNECTORS—Color-Keyed for use WITH 
THE NEW LIGHTWEIGHT TBMS COMPRESSION TOOL 


The full range of wire sizes from No. 8 AWG 
to 250 MCM is covered by the new Color-Keyed 
Connectors—in all styles, for installation on 
copper conductors 

The new Color-Keyed TBM5 Compression 
Tool is easy to use. It makes permanent, high 
conductive joints every time. 

T&L Method, Color-Keyed, can save you time 
and money—ask your T&B Distributor for a 
demonstration. 


Sold only under The T&B PLAN of Wholesaler Distribution. 


THE THOMAS & BETTS CO. 


SadlD INCORPORATED 
Me ) a 23 Butler Street. Elizabeth 1, New Jersey 
4 

Ae THOMAS & BETTS LTD. 


ENGINEERED Montreal, P.Q., Canada 


MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 


399 





Designed for your 
exact requirements 


Within 
hundred 
production 
electri 
today 
life, high 


assembly 


meet 


conceptual 
trolled ma 


| or hi 
J leation 
and 


now availat 
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storehouse 
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h-strength 
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and production experience for your 


own 
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requirements 
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THE A. W. HAYDON CO. SPECIAL TIME DELAY RELAY 
never gives in to severe vibration, shock or sustained acceleration. 
Positive detent arrangement maintains time setting under all 
conditions. Large adjusting knob facilitates changing of time 


setting. Stepless clutch drive minimizes clutch error. 


SPECIFICATIONS 


1 Voltage Range: 24-29 Volts DC at 68°F, 


2. Accuracy over Calibrated Range of adjustment: % 
(a) +0.1 second or +1%, of setting, under condition 1. 


(b) +0.15 second or +2°/, of setting, over wide 
temperature range 


3. Meet Military Specs. for temperature, altitude, sand and dust, 
fungus, salt spray, radio filtering. 


4. Vibration: 5-55CPS with total excursion 0.060". 


Current ratings at 29 Voits and room temperature: 


1. Motor— 2. Clutca— 3. Contacts— 
25 Milliamps 200 Milliemps 1.0 Amp inductive 


Time delay period can be adjusted in 2/10 second increments 
ever range of 0.2—30 seconds. 


preforved where perfomance is parawmaumt. 


F fl WW) 
} — 
(Cataon A. W5rIAYDON Company 
Req ’ 234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 


Design ond Manufacture of Electro-Mechanical Timing Devices 
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. With five types of i v 
parallel and right angle - 
Gearmotors, Master has 
the flexibility and choice 


of design you need for 


selected output speeds. 


With electric motor and gears — \ Ss 
combined into a compact, 

integral power unit, you 

reduce costs and increase 

efficiency through elimination 

of belts, couplings, chains 


sprockets, external bearings 
or separate reducers 


Available in sizes from 1% to 
125 H.P. You can integrate 
with the gearmotor electric 
brakes —3 types of variable 
speed units and fluid drive 
in any combination. 


And that’s why more 
gearmotors carry the Master 
name than all other makes 
combined. Write on your 
business letterhead for detaj 
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sensitive * close control 
re meal: | positive acting 
paler Mel ailal:| shock resistant 


‘ Pa compact Tera r 
non-adjustable 
open type 


hermetically sealed 


With competitive conditions ahead, you're probably reappraising your 
product. Or designing a new one. Either way, with Stemco thermostats 
on the job there's every chance you'll improve performance 
solve production headaches lower cost: 

No other line of bimetal thermostats has ds many different styles 
n production. So if you;want close control; compactness, light weight 
you Il find them all in Stemco thermostats. Combined with Stevens 


application engineering seryice, you elAe LiL from important savings rohi being 


able to use a production line*Stemco thermostat for your special needs 


? 


Let's match our experience and enthusiasm against an hour of your time 


A card or call will br ng our representoativ »n the double 


” 


IT PDOL Ceci tM nay sg company, ime, 


Miaasiafielad, Obie 





ane 


tel 


y 


heats 





Se 


